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PREFACE 



The Summary of Research in Science Education series has been 
produced to analyze and synthesize research related to the 
«S!?5j n9 * a ^ learnin 9 o£ science completed during a one-year 
P? Ji^L° f M tl . me - These summa ries are developed in cooperation 
with the National Association for Research in Science Teaching 

s?ffr^f al the ld p n R Tr fi p e i d by - NARS ? R6Search Conunittee JSkSSi 
InSfrnnmin^ ? £ Clearinghouse for Science, Mathematics, and 
rl«llr^ ental Education to review, evaluate, analyze, and report 
-£1*1% ? e ? ults ' The WPOse of the summaries is to provide 
iJIJI f in /° rmatl °n *>r practitioners and development personnel? 
ideas for future research, as well as an indication of trends in 
science education research. crenas in 

Readers comments and suggestions for the series are invited. 



Stanley L. Helgeson 
Patricia E. Blosser 
ERIC Clearinghouse for 
Science, Mathematics, and 
Environmental Education 
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FORWARD 



When Stan Helgeson called on July 27th to ask if I would 
consider writing the annual review of research in science 

iSSSKiS 11 I ^ 6 y6 / r 198? ' - 1 listened quietly to the parameters 
involved, asked a few questions, then requested a few days to 
contemplate the task. After hanginq ud the teleDhonP t 
swallowed hard, but it failed to remove 9 the sudden luSpTn mj 

the S ;nS n 'Z e . eVe V he ta f k Seemed sim P le enough, to summarize 
o!l VL Y 2 u° r SO docume nts on science education filed in ERIC 
and other abstracts, to interpret and synthesize their results 
fH In 1 S S i? nS/ and to complete the work by November 1, 1988. 
rhe lump kept growing, possibly because there was no way that i 
could accomplish this in three months. Or possibly because I was 
to leave the University of Illinois at Chicago in two short days 
to begin my new responsibilities as Director of the Center for 
Science Education at Kansas State University. Or possibly 
because I was m the middle of writing a research grant to nIf on 
hoi* C ° nC T ept and stoic hi°*etric Problem solving. Or possiblj 
5l2f2!I k Wa f n aWare ,° f the excellent work done on previous 
£l£ZL b l collea 9ues <: or whom I have the greatest respect. Or 
why noi? b6CaUSe 3 million other reasons crossed my mind. Stan, 

mHrk?!^ I Jl neW ^ Stan - Hel ?>eson needed help, and he needed it 
If S al I assigns this task in early spring, and the 
autho.(s) of the annual review are able to proceed at a more 

22 52 Pa °T% if H hin9S n0t Worked out < and he ™ asking 
?k* k? I J felt nonor ed as well as terrified. The more I 

S2 U !nt„; b ° ^ 6 K taSk ' the more 1 concluded that there was but 

tots of Solo W Snd e T y H^ C ° Uld , agree t0 do the review « 1 ne eded 
lots of help, and I had an idea as to where I could get it. As 

Mi-fl "'^ ° f "? Center for Scien ce Education at Kansas 
State university, my duties are to direct and coordinate the 
operation of a state funded, university based center for 
research, curriculum and materials development, and outreach 

KanllZ «?l nt l - faCUl - ty members across the Various colleges of 
Ihlrl T Sfc ate University are associated with the Center. That was 
where I could get help. I called Emmett Wright, the former 
illT- £? "? Center ' Wh ° is P^sently Head of the Division of 
Hf a ™L. EdUCatlOI l at , Kansas State University, described Sta* 
£i2ff2 \« an / itS - Parameters, and asked him to poll tne 

fSSSi Lif • ■ C1 ?. Ce educ ation who are associated with the center 
about participating m the endeavor. Emmett called the next dav 

iSnid^E? ^ ^ 311 the facultv raembers in science edition 
5 M m « e f* .„ The , 1Ump began to shrink ' Tha t weekend I had lots 
Sfth Two eafe « hl a nH as I drove from Chicago to Manhattan, Kansas 
Diane and ™L ?k load of boxes (I would return to Chicago by 
?i >. a i* 6 the same trip in six da ys with my wife, Pat, our 
two children, Amanda and Emily, and our household belongings) 
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^ecMon^" - deV0 . te<? si 9 nifi "nt amounts of time to the 

n e i^ ° of an organizational framework for the review We had 

framework loathe "eview^ r'Sfd K^""",, ° f an °'9ani 2 atio„al 
I edited the' 1982 'jSwWbSS? (SS.r^A.f*^ AS?" When 

concept of o^pU« 1^ ?h^^' ,^*? 88ed at len 9 th the 
curriculum devTlopment So £££h appllcatl ? n to the task of 
associated with thf process of ™ ?°™ onplaces were factors 
entire set of factors reoresenhfd C , Urriculum development. The 
the process could be located Li\ U f° n Which each part of 
Schwab, defensible educational fch^V»V 0 °^ er parts * Por 
resulted from the conMeMLnn^? 9 * nd curriculum development 
in rank ThJ T « consi< ? era tion of four commonplaces, each eoual 
in ran*. The commonplaces theiuselvpc* u a r a 4-k« V equal 
teacher, the milieu, and the subS ■ JL^L * the learner ' the 
intimidation by one o? any 0 lit c7 th. ^ overp <f eri ng °r 
narrow curriculum focus. Schwab b^liL^ ^^^ resulfc ed in a 
not the superordination or I- that the coordination, 

teacher, the milieu, and e subt c \ ° f the learn ^' the 

of commonplaces thai d d ^ 5! J?? the - pr ° per blend 

Moreover, he maintained that the short' liSi o^JS^-fS'^^^- 
curricula of Proqress-dr hhn f n ? of the child-centered 
of the 1930s, and the ^ subTect-mahhPr 1 . 1 "? 20 ^" 0611 ^"^ curricula 
reforms were due in P S tc rh"l- ente 5 ed . curricula of recent 
commonplace. The kev Snr* * ^- domin ance by a single 

curriculum move? Vto^tlon 1 l^VuT^Zt of ?£SF' ^ 
Kin T a ^ } ^T\idn th ^^ (th a e Chl i n e 9 arne^ 
curriculum developed by ^ coordinatina thfT ^ U ™ ilieu >- * 
commonplaces was acnnrLnT c\ ? the as P ec ts of all four 
test of time, uniike ? o J*?"**',, °^ , that could sta nd the 

represented domTnance %\*\Vn™\ 1 ^ ° UrriCula that 

in th 0 eir e ^wTwr a it S in h q r "SS 1 "* ?° tion of commonplaces 

organized their chapter o f research in ^ Little < 1986 > 

Handbook of Research on 1 ^ (Wittroc^" if£? tl0a the 
commonpla ces of teacher S nf ■ ' , 1986) around the 

Similarly, Shymansk 2d kyle (1988) Jh."^""' *? d mUieU - 
summarv of research i « <- L / BB '' the authors of the 1986 

(1986) y a2 5w 2d SJl fSJei^i 1011 '- ac J n ? wled 9ed Wittrock 
scheme which included " eachina »n/ ^ ke ? in u their organizational 
learner, o.„io^^ 
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and analysis. In turn, I acknowledge each of these scholars in 
helping me to decide upon the four commonplaces of the present 
review of research in science education: (1) Learners and 
learning; (2) teachers and teaching; (3) curriculum and 
instruction; and (4) contexts anc< settings. Schwab's apparently 
absent commonplace, the subject matter, is, of course, spread 
throughout, as it is research on science learning, science 
teaching, science curriculum and instruction, and science 
contexts and settings that is reviewed. 

The second task involved decisions as to what should be 
included in the review. Our writing team held the view that 
three major sources should be represented: (1) Research 

?™?;„*°i 9Ued * n ,*? h J?. ERIC SyStem; (2) research published in 
journals; and (3) dissertations and theses filed in Dissertation 
Abstracts International. Much of the research cited in this 
review qualified on two counts, as it was published in journals 
monitored by ERIC; the remaining research was reviewed because it 
was filed in one of the sources. 

Tha n ^S ated with - the task of inclusion was that of exclusion. 
The proceedings of conferences relevant to science education were 
i X 2 t * 1 \ ERIC svstem ' The proceedings themselves Hit 
2252 nO? 9 ed '* however ' the individual papers and/or presentations 
were not. Exceptions occurred when an individual paper was 
catalogued in the ERIC system. We trust that those papers of 
?S2r«h . qU tH fc ? will . be Polished in" appropriate journals, 
thereby .justifying their inclusion in future reviews of the 
£r™fS- in . sc 1 le i lc f education. Examples of such conference 
proceedings included the following: (1) National Association for 
?S?! rC |,, in c Sci | nce T^ching, Washington, D.C., April 23-25, 
1937, (2) Second International Seminar on Misconceptions and 
Educational Strategies in Science and Mathematics, Ithaca, New 

S r ^ JU i y 2 5" 29 ' 198?; and (3) international Conference on 
Physics Education, Nanjing, China, August 31-September 5, 1986. 

ii Tn^i^- Were - ana ^ SeS and criti< 3 u es of published research 
m Investig ations in Science Education . In this instance, the 

aLi 91 o nai /!- earCh c Was aJLread y published and reviewed in an 
earlier edition of this annual review. Readers who wish to 
examine the analyses and critiques should obtain volume 13 of 
Investigations in Sc ience Education (Blosser and Helgeson, 1987). 

The third task focused on the assignment of each research 
report to a single commonplace. Each contribution to the 
mlJjfl 5 6 WaS su 1 rveved a nd assigned to one of the four above 
mentioned commonplaces by at least two members of the writing 
team. Most fitted well into one place; however, some contained 
more than one major emphasis and thereby could have been placed 
in more than one category. Nevertheless, we assigned them to 
only one commonplace. Also, we decided to have a sinqle 
reference list at the end of the review. In order to facilitate 
the inquiries of readers, we created an alphabetical index of 
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Sih° r V nd kSyed ^ nUmber ° f fche sect i'^ in which research bv 
each autnor was reviewed to the names of authors. research b ? 

writing e te f a^ r to h review' IT ^J^l? gnment °£ membe " of the 
commonplace and to Srite a fiS *r%t r6S nfvf- rCh in a par ticular 

then the production cl osed for rev ision# 

revisions done by the entire I K ater editing and 

my co-authors made an equal ^JSibSiS - ?* th . e . end ' each of 

and revising of fchi? review" S tQ ,u he writin 9' editing, 
alphabetical order. V16W ' thus ' the y were listed in 

commo^?ac f e° r Se1in°s f wUh ^n'fnt rooucforv 5Ka£3 Each 
stage for the studies reviewed therein 5 9 ^ P Wh * Ch Sets the 
studies reviewed, their concoJ^ » 1SCUSS1 °™ of the 

existing body of research ilfJ ? • ^ ° r - dlve rgence from the 
future research occur a hh e Li mPllCati r s for P ra otice and 
the end of the commonplace itself ° f 6aCh S6Ction and at 
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1.0 LEARNERS AND LEARNING 

... We 5 egin our Review of Research in Science Education - 1987 
with a focus on learners and learning. We have chosen this 
commonplace first because learners are at the center of our 
enterprise. Moreover, according to Linn (1987), interdis- 
ciplinary research has resulted in the recent emergence of 
several research themes in science education. One of these 
themes is represented in a growing consensus of the nature of the 
learner. Presently, broad-based agreement exists that learners 
actively construct their own world views based on the 
interactions of their minds with the world outside through 
observation and experience. Thus, learners must respond to 
teachers, curricula, instruction, and contexts in terms of their 
present world views as they construct new world views. Within 
the commonplace of learners and learning, we have separated the 
research into two areas as follows: (1) concepts and reasoninq; 
and (2) attitudes and beliefs. y 

Concepts and Reasoning 

1.11 How do specific concepts change with age? 

Four studies traced the development of understanding over a 
number of grade levels. Bar (1987) gave direct ratio, inverse 
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ratio, and proportional problems to Israeli 3rd, 4th, and 5th 

L r ?fr" tV W ° COn l ent areas ' el ^trical circuits 'and suoar in a 
water solution. The_ stages of understanding were different for 

iSSfS P r °P°; tion P^blems more difficSt ' ^ven U98?? 

found hh«i% USe K° f ratios in hi 9 h s chool science problems and 
SfiLlm J;! 8hme 1 tended to select solutions using onTy one 
variable, while juniors more often used two variables in a ,„? 2 

u-7j concepts of what something is •made of 1 bv h^vinn 

h r 0 en 7?S rt l i k * . ob ^ ects - Improvement was found from Is tl 
4th to 7th rrade m the ability to correctly sort materials 

v ;;!iAn t0 nf re ^ gnize ,. po ^ ers as made of the same stuff as ?^ bulk 
looked ai the Q rS? ri f a V- 1 Pinall y' p ^ and Obenauf ! (1987) 
and speed and at tL rt,T? nt f?' the COnCeptS of dement 
EvidencTwa/tun^ which » woTk V^eTo^^ 
development of the concept of qualitative speed. 9 th6 

1.12 What naive theories and misconceptions do 

novices bring to the study of science? 

Rice and Peher (1987) studied 9- to 13-year-olds in a 
science museum setting to determine their naive theories ahout 

se 9 ries Pr o? a9 ?^S ^ T- 9 * fo ™ ati °n- They assigned children a 
thl u ^ asks involvin 9 predictions about liqht traveling 

through a pinhole. Through interviews, they found that J £2 
children's mental model was generally one of light that travel 
pinhole and tTe^to J"*"™"™ *"» the object toward thf 
noHnn \hr d u ° the screen « Children did not have the 
S?«nn™ at eaCh - Part ° f the source emitted light in all 
UrS S n °^° n ^ hich was critical in predicting a wide 

array of images, including the inverted pinhole images. 

Hastings (1987) interviewed students in grades 2, 4 and 6 
in rural, suburban, and city schools about their knowledge of 
Ihe c mV *™T} aLte t0piC for understanding ^ photosyn^ 
and ^kino%^^V^ r !^ nd ,f0 ° d ' to be edible substances,* 
with thesp 9 no°fnn C ° be 4 . l cookin g. Consequently, when they dealt 
h™„„hV • no-ions in the area of animal and plant food, thev 
brought misconceptions such as these: (1) animals T planted thei? 

n^t°io b n e s d ^ut °som S e ide f S °t U h rCeS " ffi ^ ^ ^Sl 
e els n Jl / f w" 6 ^conceptions changed over grade 
or a n; ma i c S hildren began to see food as a source of energy 

for animals, and to understand how plants made food, but no? Sow 



7 f 
1 o 



food and energy were related in plants. 

Dupin and Johsua (198?) studied conceptions of electric 
current in French students from grade 6 to the fourth year of 
university. From this and previous work, they found that the 
SlJid < V IZ S5^ e JS? tri ? current . was ^e 'metaphor of moving 
™i™ ? t t^^ thlS V1 - e l was mixed ' P artl y material and partly 
!?^ 9y ; h o- S c ! llldren . tried t° overcome contradictions associated 
wi^h „ miX f d V 6W / th - ey developed a second misconception 
£jSL? aB P*** 1 ™ 1 ** 1 ? difficult to change, namely, that a 
J S S Urrent T S delivei f e d by a battery 2nd that part of the 
current was used up as it traveled through a bulb. This 

a^ C Xn Ptl0n di ? n0t b6 ^ in t0 Clear U P until about 10th graSe? 
a pl-, then T , WaS n0t P r 0P«/ly generalized even through univlrsity 
it !i; off ^ su 9? es ted that this misconception endured because 

iJohKL. ?S fcl I e in dealin< 3 with most of the electric current 
problems students encountered in school. 

Konold (1987) looked at the reasoning patterns of 
EiSKESE; - ab ° Ut P r ° babilit y by videotaping 9 iKerVlSS in 
ffiS and th e S n W ?S e ^ ake Potions abolt an individual 

o„t cfnJ ^ Jl S OW whether or °ot the prediction was borne 
out. Students often held a deterministic model which was 

cnl oldln^v P"^. 1 "* the °ry but was quite reasonable in 

the ordinary decision making of the lay person. 

Roth (1987) tried a new methodology to study naive Dhvsics 
reasoning m an attempt to resolve some inconsistencies in the 
literature regarding the abilities of novices to perform 

dKcovpr 1 ^ °5 3 Pr ° blem - His method e S nabled P L F m tS 

lJ!?55?™ A ta - llS K ab °^ the g uali tative knowledge of novices? 
incorrect and nar^ ^ ^ th * ir generalities as* well as thefr 
hinas Rnfh ? ^ al i y „ correct Propositions. Among other 
things, Roth found that most errors were a product of 

™r™? fcl S?V athe,: than ° f faulfc y masoning, that novices held 
some contradictory conceptions, and that novices did not have the 
same strength of belief for all propositions. 

qo^J? 6 T a ? ain Cal1 1 readeI ; s, attention to the Proceedin gs of the 
!u!i j at ' ° n al Se ^ nar ° n Misconceptio ns and Education*? 
Strategies in science a nd Mathematics Many studies deal with 
misconceptions. »*.uuxco uedj. wicn 

1.13 What distinguishes successful from 

unsuccessful students? 

Lawson (1987) classified 100 high school students as 

S" rt ;w?V?oiS? 1 ^Z 0 ™? ? er / tional < «»d tested "Jet he! 
:? fl e u "lf e WO 9 C 1°S PS . COUld undersfc and reasoning-to-contradiction 
arguments. Students were tested before, immediately after, and 

3 
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one month after an introduction to this type of argument Most 

sir 1 x^ri%j^SS beT % ~ « ™* 

neces'sarv for success'Yn'Tio'h' 3 Wh i° h , reasoning patte/ns were 

used to measure achievement in hioh «nh««i «h • fc 8 xa } was 

subjects were students from a 9 pri?ate a^ma?.* Th ?i 170 
preparatory snhnni i « ^ - ^ Iivace ' ail-male, college 
students were c?L^f^l SC ° nSin * Results showed that two 

between the per?entaqe of li^ m S - ltU f tl0n ' , The sharp con t"st 

concrStaf%MUi<ii?l 87 ! c f e 9°5 ized hi 9" school students as 
reasoSinl abU^ty g" u ps. dlfferenCeS ln achi *™»<="t ««e among 

perforce of^'h ^ISI*!!? ? he dev slopmental level and cognitive 

?elf? Snsnfp between them Tud^t £ f ° Und 3 

levels profited M??-«Sm«iiJ J 'L**. the £our developmental 




Anamuah-Mensah, Erickson, and Gaskell (1987) found that 12th 

grade chemistry students who solved volumetric analysis problems 

SLrf lg ,° ritl ? m without understanding were not influenced by 

SfSSVii 0 "^*."? 001 ^ 9 ^?* 1 "* 169168 ' while those who ^ed the 
algorithm with understanding did make use of these strategies. 

hi«i^ aV °^ ( l 987) f? udied Prediction behaviors of high school 
™fi? y S 1 t 1 ud 4 . e . nts as the y used a computer simulation program about 
ESEi pollu V-° n * , Students were categorized into concrete and 
Rational and t^ir interviews were coded and compared, 
variables ^^atically manipulated independent 

Sl^iSiSJ' too . k notes, , and correctly identified independent and 
dependent variable relationships; thev al«?o had hfWh 7 
JSTdEff f «ere PS £'orma? y thinners "Accessm 

°S L fll ? h ° t „ 1Vation ^Persistence and „er no? 
systematic. Also, they were more often concrete thinlcprc a ^ 
low initial knowledge of the subject matte?? thinkers and had 

In a study of Venezuelan science students bv Niaz ngfm 
for^f in che f. str y' biology, and mathematics was predicted bv 
independent: 3 ' 101131 ™ as °»^ abilit *' .ndfiel? 

of cr^aavftv^ & "^'n 0 *?*' and Hwang (1987) ' tw ° measures 
or creativity, che How Do You Think Test and the Teachers" 

Keels in% S hfo^l S C ho^ eativity ' Were found to Factors 

of uSritMdiJS^n* 1 ?^* level ° f ^alysis to the discussion 
successful hi in science and what might make students 
mof« k 5 y rais iP9 the question of what high school students 

?S=P y , u / de _ rstandin 9- Fou * conceptions of understanding b? 
these students were described as follows- m "i,^ n " 9 0y 

physics knowledge to knowledge of* t£ 'world outs de'UVph'ysics 

classroom; 2) being able to solve successfully physics problems 

in the physics classroom; (3) relating new physics knowledge ?o 

ab?f ^ Xperien , tial Pledge inside the classroom; and %) being 

of Experiences inllT Ph ? 8iCS , * noWledge to explain a wide vangl 
UL experiences in the real world. 

rho .?; an, y Jl 987) reported that 97% of a group of college 
fFEri l n S n o? nt , S SC l lved - three gas P^blems correctly, but only 
intelSitw? understanding of gas pressure, as determined Tzol 
?n ! S * .Misconceptions held by most of thesr- students 

included equating temperature with heat and a molecular view of 

Pressure thill I ^ Wh ° P erformed well understood f gas 

ZlZVl? theoretically as well as empirically, while ooor 

?e\ r aUo^i S ps. ShOWed Und - st -ding onl P y of & "5£irISS 

«h ve ^° ber . tS f n J 1987) ^alyzed think-aloud reports of college 
physics students to determine whether they had a connection 
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tf : ^ NeWh °. n ' S Second Lav and the ^cept of 'systems' rei a fcin« 
to that equation. st:ndpn*-c? , °jr^^«Mis relating 

underSdSaS ma^Tf" o'ffij?^,^ ^egorizations that 

students categorized problems fs S? Al? 16 " 8 - Successful 
similar ways. F ^ as simil ar that were solvable in 



1.14 What distinguishes experts from novices? 

chemist, » m is f tr y r e o d r V^SS^^L ? 
school to medical school a fi'^h c? /° V i 
interrelationships amonT »V™ * JLV^ ! tud y * 



°r!LjV^ ert ~™ vice differences in 

ces from high 



— *• tt nrcn study looked at the 
study presented" a tne^tAaT^ in n ° vices ' ^ sixth 

and novices use .eiSSfie'SieSSiS^ ^ the WayS that 6Xperts 

Ph.D. students and pressors ^to^X™ P 5° blems to those ° f 
principles and related skUls from Ji sed seve ^ al chemical 
heuristics such as lookina back x other domains, better 
methods of solution. Novices howevpr IT^ , diffe ^nt 
principles involved, revealed a ,7™ ' 9 en erally ignored the 
and used heuristics 'infrequently 3 £ V w 0 e f n f — ptions, 

chemis??y eq^UibrTuTo^ and P r ° f ^ors solving 

recognize wblem imFZni^,*** , £oax ! d that novi ces tried to 
the problem svstems iSS? S*?i* a 1 1 ? orithms rather than analyze 
systeS, and con^Tamou^? ana' ^La?£r. li,infl th « ?r ° bLm 

experts^oblemfin^hLrthp; 1 8tUd ? nt n ° Vices ard biochemistry 
of an abnormal bioc^ account for the existence 

problems from the point of til f Experts decomposed the 

known pathology/ while novice. T^ 1 fu J cti °ning and from a 
functioning only. Experts ° JZn^al?** 0 ™* fr ° m thG norm al 
reasoned lels qui^ly tSn did novices m0re alter ^tives and 

.tud.S.^.„^ 8 ^™- e ^T^^^r 3 ^^ ? hySiCS 
?ype°s n f P He°^^ 

structural properties Sffif categorized Problems by their deep 
which were descriptive lealureTX?? US / d SU ^ faCe structures? 
similar. Moreover, novices ^ were found^ h^ 1 /^ P roblems seem 
their categorizations t0 be less consistent in 



nhw-iS? ^if (1 ? 87) . com Pared the problem solving ability of 
P; 8 ; c *, and engineering students in a two year college. Twenty- 
Zif,*l 6) e D n 9^eering and 23 physics students participated in the 
fii - y * u R - e n S - ultS . showed a significant difference in problem 
solving ability in favor of the engineering students. This 

a'nf ove?a C ll^oELTSolving? gineering Pt '° blemS ' phySiCS *" bl ™> 

nh CO rUii- SOn (1987) u discussed the distinction between scientific 
observation as a theory-confirming activity and as a theorv- 
building activity. Willson argued Ehat both types of observation 
were central to science, but that theory-confirming observation 

ScelSS? USSd -ft the 6Xpert scientist, who posses seS 

so?vi™ ln d r in s P e cific knowledge and sophisticated P problem 
roce sses. For novices the absence of domain specific 
knowledge and sophisticated problem solving processes iv hf£2 

n^^SSTiSL^ ° bse ^ ation »re us'e/ul fn^StiSn? 
willson argued that science educators have failed to make fehi- 

1.15 Mental models: what differences are there 

between experts and novices? 

of tS"^ SSSTuS** S ? b hirare Und sVpa 0 r n a e te°a r 

assz sZrfgir ot mentai ^ J ^t.^ r :2V e s 

pmnr , 1 !;f e , ds UW) interviewed undergraduate students who had 

o? ^nirS a .j£Vni • nUtr ^ ti0n C ° UrSe t0 C ° mpare their mentarmodefs 
Md n^SL ou S "i t0 / standard model broken down into links 
avfilabl. in nodes ^ th ? fc „ unde ^ d "ates had informal 
linked ho n^hpr n% r . or 9 an i zed concepts, but these were not 
linked to other nodes in a formal schema. Novices also dealt 

Shi^h r W ^ th , n ° de f and links that were concrete rather than Xose 
which used formal operational thinking. 

Kleinman, Griffin, and Serner (1987) compared the mental 
sSlTflitv mol 9 i nni ^ Chemistrv s ~s for f Sbion?*.. 

e»2rt -IS ' S d 6 « erg ^ t0 thoSe of S^uate students and 

abstraction nf S, -J hey found that the quantity and the level of 
likelv to be I iff?? greater (an expert image was more 

xiKexy to be a model) at a higher level of exDerfcisp *nrt 

^ZZL^VT f?W t0 be sim * ly ^ 0 ciat? 0 P ns with the wort 
foilo 9 wi ? na" 1 thr . ee . . kinds ° f im ages which included I the 

fSt^tiidelJ 1 ' asSOCiatlons <- concrete images; and (3) 
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1.16 What characteristics of the learner can 

predict success in science? 

an* JSH 6 stu ?}? 3 reported the relationship of spatial ability 
and other cognitive factors to achievement in chemisfc-t rZll Y 
LaRussa and Bodner (1987) reported that sci?nce, ^ginSr\'n e g' 

ZSUg'sclfei S^tir^ter^n W^J* 

chemistry, where problem solvina akiii- ™ ? / n ° r 9 anic 

f-h4r.n«« Iu^„u i- f J ->'." xc " 1 foiving skuis were required and whorp 

in lab ' in «^ti r o e „ 1 s a , ted a nd t ° in eh -» e t ^ 

and SKS? i't 9 "' ;fiSSL'S£ S? 081 . achievement 

the four independent variihip., °- cognitive meaning, and that 
chemistry achTe P vemen t ' V3riableS Were a11 ma 3°r influences on 

Blatnick (1987) studied the effects nf n, 
educational „ w , (1 , ) students were pretested on their 

questions, cnem^h&t? 1 or^^Sff 1 ^ 

abilitieTTnd iHJ" f Ln t ky (1987) . analyzed selected cognitive 
students in 1 Si^iJ. factors associated with the performance of 
collie DiH-° W . pre! ? rator ' course in an urban community 
Sas the nAnfarv f n \ ana ^ sis sh °»«J that mathematics ability 

Separator/ course crade ?or ?H 36 in bi ° l0gy * However < th ° 
Dredietnr nf mIL 2 • thlS grou P was found to be a qood 

predictor of the grade in a subsequent course. 9 

Enstice (1987) examined the effect of a remedial chemistry 
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course on the success of students in a regular general chemistry 
course. Eighteen (18) pairs of students were matched ?o?Kei? 
performance on the Toledo Chemistry Placement Examination, then 
S?ii 9 nl ?! regular or the remedial chemistry course. All 

? ts 0 W0U J d normally have been assigned to the remedial 
nZlllV Resu i ts indicated that students who took the remedi-V 
course scored significantly higher on the Toledo Chemistry 
sian1^ nt l xam ™% tion aft ^ t±ft course. However, there was „o 
significant difference between the groups in the reaular 
chemistry course grades. s p regular 

The design and content of a 'preparatorv crash eour«s«« in 
science and mathematics for adult students L discussed in a 

SVl&B^SS'itS^'*'^ D *T- (^Syj.^ye/T^rio^o? 
six years, 170 students participated in one or more of the cra*h 
•courses. The performance of science 'atXntivl' adults 22 
S2!£2| d «? - that ° f high . school gradual homing sciencl 
oriented matriculation certificates. Their findings suqqes^ed 

«fsh U Tou P r a S e e s dneSS ^ - C ^ nCe - C ° Uld be modified trough ?lSedi!! 
crash courses, especially in those situations where hiahlv 

motivated adult students were involved. They concluded thih 
science 5 ." C ° UrSeS COUld lead to success in !!Sr wadeSiS 

Harpole (1987) studied the relation of achievement: in 
physics and chemistry with selected aspects of students their 
teachers, and schools. Thirty-nine (391 ph 4 teachers 32 
chemistry teachers, 616 physics students V ^2 chemistry 
students participated in the study, A \ U ? of * m? 

Physics- C n? X£ t£ ati ° n 1" ch T st ^ (2) unu- ?e hours In 

Sh!i? ( } Percentage of students who rr .rted an "A" hiqh 

gfneralTc?^ (4 l J ^ eaChing X " " d tha£ did not include 

general science accounted for 48.7% of the va-ianee in i-ho 

physics achievement. With respect to ch^str^achUv^men^ 
par^iciDatio? in anCe accounted for by: (1) student 

EEiSSiS *a °! „ s ° ie ? ce focus '' and (2) a teaching load that 
included advanced chemistry. 

„<= « In ^ a related stud y' Harpole (1987) investigated the relation 
Skill e lv e io a n n m d I 63 /" 11 ?. . Style With Enlevement and labora^o?y 
Ml! h d «h P h ^ f ? r ^ igh SCh ° o1 ch ^istry students. Forty-one 
(41) high school chemistry students participated in the study 

coStfno °,n e / : h i at - mal6S ? r ? fer F ed using numbers and logic, a^d 
computing and solving quantitative problems. Males benefitted 
most when course work was clearl? and logically organized 

hSp le e S acro f t e her d ^IT^S " ^ ^ y -uld work^wYth^nd 
should hP ^ifJn* • - auth ° r suqqested that these differences 
Exercises? ' aCC ° Unt in the P lannin 9 of laboratory 

en^^^'i H * n "; ick ' Ault ' and Samuel (1987) investigated middle 
school girls and boys to see whether there might be a different 



between the genders in their concept structure infcerr*i 

might both" uncover cognitive structurS ^ class ? OOIR ' which 
manipulating concepts. structures and provide practice 

Selvadurai (1987) examined the extent of f-r^neP p 
learning from an introducfcorv hf n i~T.. excenc ° £ transfer of 
course in bioloqv LecfcS™ Ln?- 97 COUrse to an advanced 
treatment or ^ol^^i"? "Vl^fh t0 
condition were tauah*- £i„tp~ * n students m the treatment 
were t^ughriloi^ th^S^ut t S! techniques as they 

control students were ?aua£h nni ^troductory course, whereas 
cumulative leSture "rades of b ^ olo »' ' , Analysis of the 

difference between tifflS? gr^M tUlgSZT 

" 17 |n w ce^\ £5S JSSS'tSiM 

through instruction? ^nowieaqe 
Blackwelder ( 19871 sfenriia^ 

group in favor of males? dlfference e * iste <3 within the treatment 

abilitv of sixth Naders -T ach n levemen t and reasoning 

concrete or Vo»l 9 treatment ^ditio'ns C sVudVn t ?" aSSi9ned b ° 
and postered on their reasoning iv^is 22 wil^S P . retested 

existed in^TclnSet^S 

of a significant gender effect favoring males! Presence 

preseSati^n^of SKE? 0 ° n £ 6 al f ^ ° f the mode of 

volunteer high school students whc ? were "ssion 36CtS K W6r f 

on their field independence/dependence One-half J P Z baSed 
was randomly a«?<?if fori Lu** ^ , * une ~half of each group 



res 
ted 



field a^^SSJ^T'T^^^r^^.^' 
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h M „hS ai S E ?° C ? S (1987) found that Pre-service elementary 
, ' Particularly those with low visualization scores, oft 2 

2£f?S K S n Urf \ Ce area and volume ' These students benefitted 
b2fSif e So lnnn e \ WaS J*?*" 35 opacity and introduced 

to Si!,«ff.^ ? < 5 l Sf of area and lsn 9 th - This made volume easier 
and area therefore less likely to be confused with length 

p J*ll*^ (1987) tested science majors at a junior colleae and 

Lewis (1987) introduced concrete experiences into h^, 

KKL 1 ^^ 1 ^? 1091031 ^ ™ — P-ess 

skiiis were found to improve significantly. 

the ASIlo-Tutor 8 !^ a ? alyzed data collected over 12 years from 
n.i,!!! « ,, al Elementary Science Program. Tapes were 

rice* ved inlL^** K PairS of first ^ ad * rs who either 
instruction in fl s ^uction by audi.- tutorial methods or no 

understands of ^T^^* 9 ? aS - erf °™a on the children's 
childrp? f^L,? ,. J e structure of matter over time. Instructed 
the aSIntv It \tlir° ld mor f. found ation knowledge which helped In 
of y t u h - eir conce Ptions; the diversity and inclusiveness 

Sere more Uk?& t^dp^i 6 31 -° su P erior « Oni^struct^^SJS?" 
were more likely to develop misconceptions. 

1.18 What tools might help to initiate novices 

into the cultures of science? 

_ u« Iiipper t (1987) reported on the potential for teachina 

p S 

2Sd fc ? f ° rmal , structure of ^e problem was P erceIve7correcKv 
a??ention t 1 0 n9 fc h < l at n a 56 a PP reciat * d and surplus inforition S«J 
the ^niprro? ^ 6 n u ecessar y and sufficient conditions inherent in 

Lactate •™!W7\ r i t ^ ta . 00U " Pl0t their d ecis?on e s nt anS 
prompts of thP K 8e "l xke f ° rmat as the y responded to the 

fubsurnDt - >„«, !' th u e . reb y seein 9 the hierarchial structure, 

correct ^nf branching they had built. Students could 

Sly we're persuadi VJSf? ^ a - UreS and retest the fulebase until 
cney were persuaded that their representation was complete and 
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correct. Lippert explained that it was this facility m 
unique as an instruction*! f 77 raciiity that was 

since it did not deS on ^ P/. rt u 1Cularl y attractive 
instructor. with this aonrn, mediate presence of the 
spectators in pSS. ^i.^ 

Childfef ^n S d a TechnXy Street Center for 

piece on the gap between the ° fl extremely thought-provoking 
students bring" into the 4udv of t.° f evex ^ jinking which 
scientific thinkinq which sr^Lo /cience and the culture of 
Science education programs di „^ educat ° rs hope to teach them, 
the nature of inquiry? ttev «r^- 1 i? ,lude a / ade quate notion of 
as the accumulation*^ f? c t f rather ^?"- th - idea ° f in< * ui ** 
understand science in new ways The ehnS ^i* 7 a - S COmin 9 to 
was socialized into the scientific Jn2 ^ 10 learnin 9 science, 
own problem 'niches, ' sfclndpr^ ^ OIIU ? Unity ' a culture with its 
of precision, and ways of e » ffl ,? e8 l .? f explanation, levels 
understand, the child must glU ud ^^^V- In C ° ming to 
things. Rec sizing scilnce 1 . ternatlve of seeing 

education woe be an J*?t!£fi education as cross-cultural 
approach the problem of teIch!no tlT^ ^ fruitful wa * to 

add to our endeavor, Lr examSL tho qU l r - y P r ° cess ' " would 
leading a student .from one SStSJe'fn » ^ ° n that we would be 
learning new conventions of »h*f to n pother on the dimension of 
what would be problematic WOUi ° be sensibl e discou rse, or 

who ^tT^tlal^ understanding of novices 

the domain, misconception^ in r£L? i* 6 eve ryday theories of 
(Perkins and Martin, 19861 //l C ° m P lete .and 'fragile' knowledge 

understand i^L^'ki^KS «T o°£ " " e ? M ? ° 

conceptions, held as a ?om«« often inconsistent 

contradictory evidence? In some ^2 "t™ 5 ° f dappling with 
one misconception is limos? unTlr!!?? ^ a PP ea " that overcoming 

a new misconception whTch SiS^i. a iMi 8l !? d , by takin * U P 
reminded again that overt-hr™;™ explains the facts. We are 
difficult, it a o 2 SI 3 misconception is" not only 

accomplish for iiC'SZ^ tM learners mus * 
least sometimes, on the reason! n« !k' , • 1? • h 3 P roc ess depends, at 
studies reported during t im S rnnrn 168 ^ students, and the 
of reasoning on succ^fuf Lining *° ntinue to show the influence 

expert h -nov!ce 0 %?f\Trenci S s COn / Q ^- en ^ wit \ recent Endings in 
difficulty with all thVdifferent^ lavi?* 1 "? novices have 

working. Their knowlpZ • S at which the y need to be 

misconceptions, and does no 9 L fi/fi', ? ften riddled with 
have a good framework ho -if I h ° ld to 9 e ther; they do not 

they do not yet £ Mi. JS^^T- tie informati °n together; and 
problems of the field % JSF***?™*: heu ^stics, or even the 

to expert should become a cleared £5c 2? I'T^, fr ° m novice 

v-ume a clearer task as studies like these help 
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fill out the picture for each domain. One very promisinq area of 
SSS a, V Ch J 8 , the 3t "f y of lea mable mental models which may be 
fc£?iw in f Pr °-x? e * visual framework to hold information 
SSt *, a sensible and correct way, yet need not be complete. 
Such schemata would presumably help with the problem of 
developing links among concepts. Another type of excitina 
research is the development of technological cognitive tools to 
?iVn«i in 5 U1 7* ..^in 8 /nd Pea (1987), for example, described a 
b^lpn 10 ^ 03 . 1 t0 °A (Under devel °P^ent) for bridging the gap 
between the two cultures, one which is expected to helo create aS 

SEf£ nm -?i „ f ° r 3 student ' s conceptual change The INQUIRE 

SLtTons about e a a n?ob^° NS t0 help " tudents *>25E5; 

SSSt it^ JSSST \ re i a an . d J exaini ne their own knowledge 

?n?^ m =: f « module to help students gather in one place the 
r ^. t . 1 f >n h from , d^erse sources (their description sounds very 
SSSpri hypertext, a system in which students can readil? 
connect one piece of information to another in a non-linea? 

ZEUFVi! 3 SCH ^ S m ° dule to hel ? organize the students ideal 
about the new information collected in NOTES ; and a pattern! 

TatlH ^ h V? stude nts .describe and a nalyze data in graphs and 
tables as well as determining trends. y*«F«» ana 



1.2 Attitudes and Beliefs 



wit-h \hV e ^L d6al u f r c esear ch was published in 1987 that dealt 

a cles are hrS ^ S - Udent attitudes ™* beliefs. These 
articles are broken down into four categories as follows- ti\ 
factors relating to interest and satisfaction in school science? 
science? m filing ^- contin "ed participation in scSool 
fni t A V p ( i facto " plating to achievement in school science- 
In! ^L £ o%T relating t0 Understandi ^ th * nature of science 

1.21 What factors relate to interest, 

satisfaction, and anxiety? 

Obviously, interest and satisfaction are affective factors 
Yet quite commonly, studies involved the use of o?her affec?ive 
factors to examine these. For example, the relationship between 

bT P^ge fl? 7?^ S ^o dent i a , ttitU h de tOWard SCience S 
oy *ogge (1987). No relationship was found between teacher 

rpf™,\ nd ^ tUdent attitude ' though perceptions of students SitS 
respect to their teachers and their science classes were found to 
S?„* ? Y h correlated with their attitudes toward science 
Students who perceived that their teachers liked science reported 
more positive attitudes than students who did not have P ?JoIe 
feelings. Further, students who found their science classes to 
be fun and exciting and those who felt curious and successlul in 
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science had more positive attitudes toward science Ti\,* 



h*f**l* a e similar manner, Bishop (1987) examined the relationshio 
SiSSS % cienc * learning environment and attitude toward school 

students a'bo^ 11 ^ 111 9ra ,? eS . 2 throu 9 h ^ Perceptions of 
~ ts , about teacher enthusiasm, teacher fairness,' teacher 

SSSents iT\E eS nT ati ° n ' , teaCher effectiveness, pride o? ?Se 

sconce accounted for 32% to 63% of the varfance in the mode?! 

envirS™™\ n „ a Vu°r n al 0f and he h disC F e P ancv between science learning 
conduced by in Lin Ur and Craw'ley ?SS?? hig !l h S( ? horJ f , in wal 
attitude differences in r?latioi to ^nd^ "h-V-^ l00ked at 
school sociogeographic Lcation Nn %??2 ' ability group, and 

s^jss; c that ai A J issi .sSoSJ i^sSn sr^srnu™? 

of the learning environment differences. result 
classroom environment. The composite variable of attitude tZtla 

toward science. CWeen bb% and 61% of the variance in attitude 
Accounting for the satisfaction of students a ie~ 

L hy iL e r g s eoioy^ 

especially, the enthusiasm exhibited by that 
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instructor. 



Commonalities between science and environmental education 

Sf5!!i V Ub ! eCt °f a -f£ Ud . y by Hebert (198? )- An instrument was 
developed and used with 239 students in grades 5 through 12 
Interest in experiential education was high among students of all 
grade levels. Middle grade students showed less interest 



health and human welfare than did high school students. Hiqh 
school males showed an interest in earth science while females 
aid not. 



«„h-i J;? 6 f f f e °u ? £ "syncing general science content was the 
subject of a study reported by Hamrick and Harty (1987). Usinq a 

raSv P ^- n ° f , 20 . 3 SiXth ** ade students, y respondents Sere 
randomly assigned to one of two treatment groups The 
resequenced content presented to one treatment group was produced 
?L C i«T2? tl i e °l d6r ° f the chapters of the textbook to^a^Iy 
concents Sn^ t0 . e *P licate interrelationships among 

concepts. Results indicated that resequencinq the conten? 
produced higher levels of achievement, more positive actuSdes 
and greater interest in science. uaes ' 

^nr 1 ?? 311 (198?) examined the differences in achievement that 
occurred as a result of different methods of grading and 
^ nin V CienC ?, home work for 146 seventh grade students ove? a 
seven week period. The treatment conditions included returning 
the homework with grades, comments, or both. Findings "did 52 
support the idea that the treatments were effective measures of 
increasing student attitude or achievement. Comments or grldef 
alone were more effective than the combination of the two, but 
the control group scored higher than any of the treatment groups. 

The relationship of test anxiety to serum beta-endorphin was 
examined by Molinaro (1987). Pre-medical students were tested 
fo5°lL ai !, aft6r c taking the "epical College Admission Test ( MCAT ) 
for the degree of test anxiety, as measured by the Text Anxietv 

^fl'T 1 ' at f f ° r levels of beta-endorphin, as measured 
from a blood sample. Results showed that test anxiety was 

efevated lVt P**' bUt l6VelS of beta-endorphin 7 „£e 

elevated. Test anxiety was also shown to be inversely related to 
student grade point average. A predictor set of variables fo? 
success on the MCAT was found using items from the TAI grade 
point average, and level of beta-endorphin. ' 9 

1.22 what factors relate to continued 

participation in science? 



A number of studies attempted to assess why students 

s?udip=V n ? r d ^°P ° ut ° f Participation in science. These 
studies are largely descriptive in nature and seek to define 
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iseline information with regard to Dersistonrp in 

chemist^??" tew^iStrJdh 9 ft ^. s ^ool students choose 
decision 7 by hiq^?chooFeH±n,f n t P S rkinS (1987) examined the 
college. Chief amonS \>«l £ t0 beCOme che ™istry majors in 
recognition by ™ud«nts for ?h r . eported b Y students was the 
chemistry. This was ioUowe'd^by' "InsDir?™ o^ aptitude for 
school chemistry teacher:» ^excited hi iiS I encouraging high 
and "chemistry a's an enfree to^areeM etC "" 

in scfenS'^f thereof "° P e "istence 

Beginning with the knowledae study by Worthley (1987). 

science study at a i higher rati hhan no° men l end fc to dr ° P out of 
hypothesis that persistence i , ^? meil/ ^J^ey examined the 
persons where simUar^ ™ those 

person and the values thft «SZ between } h * val "es held by the 
would hold. The data coIIpL? f r Pe !l^ n f / lfc that a scientist 
this hypothesis? Elected from 173 undergraduates supported 

interve^Yon^ effects of task 

mathematics and %^i^i ^ c ^nn^ U ^ 9 \ £easilea to continu e with 
project included three tvoes oM n S i b P 3eCt ,. s throu 9 h 9« de 12. The 
(2) career based- and #Sw2nSf in tervention: (i) subject based; 
year nine and ten i Stn fT?^" 9 * The subjects were 
presented a series of sea/iont ?n ^l 6 !- who we re separately 
for discussion Ibout careers tte J™ ? as made a ™^l* 
science, and genderstereohvni ™ J ValU6 ■ ° f ma thematics and 
full semester of contact in socie ty. After a 

years nine and ten werl in^ivid^n^^ 0 " ? taff ' 20 st ^ents in 
in the interviews f revealed that ll^f^ 1 ^' Data Sphered 
project objectives exited 1™ deg ^ e ° f aware ness of the 

increased their aD^en Ln'on 9 f th6 P art icipants . The project 
females in non-tS^ opportunities open to 

program was a qnd L£™ b £ lB }^; „ A majority felt that the 

they were separated f rom the XL^FohS, ™ 25 t0 wh * 

felt that the guest sDeakpri . % Eighty-one percent (81%) 

from these female student^ f mvp rl J 1 ? 608 W6 - e . useful « Redback 

would now rec^side n^ow^rel oath^^r' 10115 h ? P ! , that some 
contemplated. career paths that several had already 

enter J^."^ to t he aiffere ntial level of women 

(1987). RoTe-speciAc self-con Jor" 5 • ° f * StUdy b * **** 
=d°as £ -P^^ -KJSSJiffil. 

auu. a lesser degree, a more positive role- 
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specific self concept in science. 

™ii J! ref ! r | nc fc e for scie " ce majors and careers among black 

and Shunfard^no^f the c f ° CUS ° f , a . Study by Alters, £ockard, 
SJiLi • (1987). Science self-concept, presence of role 

^ffi S/ ima9 / u°- f u the field ' courSe counseling, attitude toward 
science, and high school science background were significant 
effects in a multiple regression model that accounted for 42% of 
the variance in the dependent variables. 

M rH>L°H?n r - t0 determine the level of female and minority 
K " P lon , in scl ^ nce courses, Wavering and Watson (1987) sent 
surveys to all secondary schools in the state of Arkansas Their 
findings indicated that black males were over-represented in 

that^L^pr' 6 PhysiCal SGience ^ ourses in larger school" 

latL ^fhooi. "^o^r-represented in advanced science courses in 
large schools and in chemistry in small schools, and that in 
general black students were under-represented in collet 
preparatory science courses. p college 

Tobin and Garnett (1987) looked at qender-rela bed 
differences with respect to participation in scieScractivitiel 
e^dlnop qU ^ ltatiVe "^nodology including intfrvfews, Sey found 
n^lrn - t0 K Su PP°5 fc gender-related differences in engagement 
patterns with regard to school science. engagement 

To examine the high attrition rate of students from tertiarv 

loorSa^T 565 / „^ 1S ° n (1987) ducted research on student 
h?Ko? ? 5° st « dyin . g - Although the students were found to hive 
l , S - ° f motiv ation to study and better study strateqiel 

i5lSomY Stra K- ian n ° rmS/ theSe indicators did not correlate with 
academic achievement. B wlcn 

Continued participation in science by Malaysian students was 
SL- 81 ? 360 ? ° a stud y b * ^ali (1987). While high sShSl 
chemistry teachers felt that mastery of knowledge in chem?s??y 
was the most important aspect of high school chemistry students 
college instructors viewed the acquisition of traits such as 

;iS£t'i ll h 1 f fl h a ?h St i rat ? i ? 8 f ° r l6arning as the most important 
aspect of high school chemistry. 



Audiovisual presentations of women in scientific careers 

reclniZf c Ll°r eXam / ne the - effeCt ° f ^pictions of women in 
eSrMr? \« I "? /"I ° n motlva tion of females to pursue such 
AZlll ZLZtJS^&J* WeSSSlS (1987) * After tne treatment, 
career! 53 not k""* J'™** ^l 1 ^ in scientific and technical 
homf « n b have borin g ^obs, less femininity, or a lack of 

home life. Males reported themselves as more easily employed in 
;Swi?° careers . than did females. Females did not lis? 
scientific careers in their top ten career choices. 

Smith (1987) reported the development of an evaluation model 

17 
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for a summer research aDDrentirpqhin r\r™~ mu 

program was to increase .the dumber of Hfr?H The in ^ ent of ths 
in science and engineering She £r«JI ° rifeles P u "uing careers 
sophomores. A foll^-un studv nf %T 9et 9 J°, Up was hi 9 h school 
the summer 1980 and 198? programs was donf fc?^ Wh ° «""P l «ted 
these students were enrollS ^ in science curricula in'^n Whether 
the intention of pursuina a «rf«Sf« • c °Hege with 

Telephone interview^ "were" conducted with ^Tof*^ 9 
participants. Forty-five M51 shSe « 3 „ 72 Previous 

pursuing such careers? D^scSmSLr^ 0 ^ t0 be active ly 
construct predictive models J^ J 1 , analysis was used to 
participation with f success <* ► 9enerated P"dicted 

that current college enrollment self i • Re8Ul *: ts indicat ed 
ability, use of books and libraries dur?na ?L ° f mech anical 
participation in special seitnlt « during the Program, and 
correlated with the o^come variable f 9 "" 18 Were si 9 nifi «ntly 

-•veiyS r St ( of Vre^ % nd B f*° nd (HSB) data to 

college science courses SIX? - i fenal « e P art icipation in 

earned an underg^uate degree" p'tor^to ft* 489 '""J 188 . Wh ° 
variables was in^tiallv Pv a Jn^ P ri °r to 1984, a set of 43 
was reduced to" s£ LS I f?r predictive power. The set 
identifiers of females P Ji£3„„ a " abl ? s that were significant 
the perception fS'StiSSSS wo^lToTusef ui^n "tL 'ft**** 

SSStfSfn 8 ; a n co m ?2gTscrence he m nUmb6r S ^-'SSK!!: 
as a coLele so^rVan^ and 

Oliver (1987) examined persistence in C nh™i 
junior and senior high school tSnL ^ ° science "sing 
school careers. CondurH™ » students througnout their high 
students, Oliver i 9 ^ a flVe "^/ longitudinal study of 
the 10th grade £m Vp m s «?nce self-concept, as assessed in 
achievement and co ti d ZrtlT*^ pre ^ctor of both SigS 
predictive discriminan? tlcl P atl °n m school science. a 

participation i"™!' ™i& B ^ h ™f & t™ 1 ** * m ° del f °' 
re?ui d ri d d %\*>. » ^ 

wheth^n^ » e o d n a c? a id h Kel ^J* 
selection patterns leadina »-n • I . . ^P 1 *" course 

chemistry P f or rn m S en and 9 women ^^hf P SVi Ci S. ati ° n in COlle * e 
importance of belief in th? ?bilih« S i demonstrated the 

variable to predict to^^^M a * a 

females" in" 'science 0 conducted fche **"<*P«Won of 

included both hiqh school »„,? n Y Gardner (1987). The study 
use of gender-fre 9 e !^ceLt^V students and involved thl 
and presentations by » 
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the discriminant function analysis was able to differentiate 
women in nursing, biology, and engineering, few differences in 
attitudes or demographic characteristics were found. The 
suggestion was made that intervention strategies that succeed in 
retaining college women in male dominated majors may be equally 
effective for women in non-gender dominated majors. 

t-n *-h« U ^- ( - 987) ^ iew ? d the literature on the factors related 
n°h!^ dec h lslo J? s ,° f females to remain in science. The annotated 
rlSi X £ ► * She • P roduced covered a wide range of arels 

ffjfif/ t n ° <! th 1 . ls topiC "eluding biological, cognitive, and 
thlt III 3 1 i faCt ? r i Kurth *»riied the findings and suggested 
iSUiiJ? 6 } °5 the P arents ' significant others in the life of 
females, and extracurricular activities were of great importance 
in encouraging females to persist in the study of science. 

1.23 What affective factors relate to achievement 

in science? 



by O^bil^ students was examined 

u- -f- (1987). Student oar ticipation in laboratorv 

activities was found to be the mSst important factor in ?he 
Itli S S * 1P ^ th , acl ?ievement. In order of importance" student 
Jltor^rv?^- C ?- emiS . try u as . a sub ^ct, teacher attitude toward 
'tlr?r ? y actl t vit ^ es in chemistry, and availability of chemistry 

J«ian« in ^h- 6 " 1315 . made si 9 nif icant contributions to the 
variance in achievement. 

Examining differences in responses to test items was the 

lt b aye C Sf987) StU %^ Lin ;- Deiucchi'^rrTs 5 , aSd 

hvnofhj • i* u E *P la nations for gender differences were 
hypothesized to include differential prior instruction 
differential use of "I don't know" as a response, differential 
response to figurally presented items, and different attitudes 
toward science. Results showed that females were less successful 
on science content items than males, but were equal on itfms 
I^f e f d r to scientific inquiry. Females also used * don't £now" 
S nf r t qUently than did males ' Ifc was suggested that females 
should be encouraged to take more science courIL, especiallv 
courses aimed at general audiences rather than pre-scientists? * 

rplatio^h^VJ" 1913 ^/ - and Petersen (1987) examined the 
males °,n^ L m f Ween se } £ ~ ima ^ and achievement in science for 
males and females. Males were shown to exhibit a much hiaher 

sS^Tnd 'Lvp^h 611 S , elf " ima ^ and achievement 'than f emal^tn 
sixth and seventh grade populations. A covariance structural 
model using LISREL was constructed to examine theJe 
Itll lZ Sh i PS ' tu Lo ngitudinal follow-up of the students showed 
^oro th ^ Strengt . h of the sel f"^age and achievement relationship 
increased over time for males and decreased for females. P 

19 
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Schumm (1987) examined differential levels of achievement in 
science courses based on the structure of the course in relation 
l?mE?i. lG 1 US of , COntt0 „ 1 and attribution for success of students 
Students whose locus of control was internally oriented Performed 
better in traditional course structures. when failure in fhf 
«ades e acrosi tr ^ ted ?° laok of abilit y< indents achieved lower 
mo?fro% C f r f 0 o^^n S Vd y Ses. PeMleS t0 a " ributa ™* 

males elected to maior in nhv«;in«s « literacy, (3) more 

in biology while the wtio in nS2 -"S' 6 females chose fc ° niajor 

science, and motivation 9 f«S 'n attltudes towards school and 

erlect^"^ « * "bte^ement^ 6 %, ^refti^rpat^^nrol 
achieved bestTn their^w ^fT" «""?•«' " =tu™e„?s 
chemistry »,A"»^^SC»T„ pnysfcs!"' 

interfcfio^ p/S^u'"^ ffiV-n't ^ Vie rent 

cUss S ro°n S?*"?- • l^rnin, was encouraged^fn"^ 

in C ^rnl!f- r e la t 1 ons *}ip of achievement in science to tvoe of 
ThJ S?,St M a ^ famil J back< 3 r ° un ° was examined by Zee figs?? 
eL e me^^ of achievement ? of 



elementary school children in" Vr/de^ three° to ° ivT^ set of 
predictor variables was found that accounted for 504 of h?f 

I? % ri o? C ^ in ac . hievem . ent « family background accounted for 9% to 
13% of the variance in achievement. Previous „ n 4 ™V .JKl" 



accounted for Ml'to iH^Ik ftW ^ SCienCe achievement 
mathematics £? ^^oV of^ne* vL^nce? 

1-24 What affective factors relate to student 

understanding of the nature of science and 
technology? 
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«^4 <an ^® rate f n i non-^terate Nigerians were shown to hold both 

7SS? v t l^ ti ? Ml notionS of the world by Ogunniyi 

(1987). Holding both views was evident regardless of the statS 
of the respondent, though persons who had taken a course in the 
history and philosophy of science were shown to have a preference 
for the scientific cosmology. preference 

As an introduction to a much larger studv. Aikenhpad 
Fleming, and Ryan (1987) examined the use of various instruments 
und e r m s Sn^T nt , te . chni< 3 ues Elated to the assessmen^'of^^e 
cSnefudfS JLV* students ab °"t the nature of science. They 
ttvtl ttn ! measurem ent of these constructs using paragraph 

?S!?!! t i 0n l bUt generally they were not. The author believed 

Aikenhead (1987) uncovered belieffof students about the nacure 
of scientific knowledge. The findings indicated that hlg h Tcholl 
graduates generally saw scientific classification schemes as 
!n" thaT 1 S Cal M b m o' st the i r j ^ ity did not view a sc\e„tmc mode" 
r|£eV^ n ° sS 

Sf^^ -^t/on^eVfw^fvery^e?^ 

e v ? m no >' ai } d society among Canadian high school students bv 
examining scientific literacy and gender related issues in 

SaT scientists' we're^air 1 ^ 6 ^'^ fo11 ™ < 1 > stud^ntTf e 
►hoi sc tf nci sts were and should be concerned with the uses for 
their discoveries; (2) scientists should be responsible foJ 
S;?? v th f eir discoveries public; and (3) perceptions about the 
a^^Ll\%r p e oU 0 nt S e ? ter SCienCe ™ S "ere ^imilarlrmS 

Si*?? 1 ? of 1 sch ?° 1 ' c l°"g^ Driver, and Wood-lobinsln 
(1987) conducted a longitudinal study over a two war nSK! 

clll 9 ec 8 tio S i Udent The Wh ° ?T I* t0 14 yea " °« in «5 /nmafoara 
collection. The students were interviewed to orobp »-h*ir 

understanding of biological and physical science concents O 

ma 3 or finding was that conceptions Ssed by th students ? tended to 

change relatively little over the period of the studv in ISiS n? 

science schooling to the contrary. Of those" ^ho" did Change 
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JlffrnS^* 1 fra , mew °? ks ' shift was most commonly from 

no aiwa 6 ? \l 10nS p t0 aCC6 5 te * ^nations, though this 
i ■ . alwa y s true - Recommendations for practice included 
capitalizing on the fact that children are active learners 
encouraging students to make their ideas explicit in wrUin or 

under sl^in* 9 ^" 9 C ^ dren more time to ^ink about their 
£??ornJ? 9 ' recognizing the reasons that children develon 
alternative conceptions, and evaluating the qood that ma f ™£ 
from encouraging change in their ways of thinking. y C ° me 

In a study that examined the view of scipiipp k„ 

3 

sessions concern iSo c ! seashore. Prior to the instructional 
seashore rSlSJionshios th i p eco ^"J 1 principles exhibited by 
science was f ml^M ' u t ° ri ? ntatlon of the students toward 
™ C o^ II? ^ t0 hold views <* 

science prior to instruction . n«Y? 5 ^ t" line with acce Pted 
with accepted .ci"nw7i^ consistent 
these scientifically acceptable s beliefs were still "in n^ 076 -' 

= t L T to teacher affect were the subjects of 

S .eSifveTn ^ciZ^L* 0 ^** teachers? motivation 

held bv /ho '/° nsiStency between the views of science 

SfffLJ?* the res Pondent and scientists, gender-related 
differences, approaches to studying science, and presentation of 
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U^ffil- 31 „ r . elat c ed to . careers. Models designed to describe the 
relationship of variables to participation Sere being built from 
a wide variety of perspectives. " U1 " 

ha « ^ he - re i ati °u Shi L P . be ^een affect and achievement in science 
has received much attention in the past. During 1987, research 
m this area examined issues such as type of student 
partxcipation in science, academic self-concept; attribution of 
^f Ce ^, C i aSSr00n l C i imate ' and familv background variables 



r " UUi " iiicxuaxng cne ooservations 

-es had equal success to females on tests of scientific 
inquiry, males reported a stronger relationship between self- 
Sp 3 ^ ^hievement in science, an? female^ tended to 
attribute success more to effort than did males. 

science 11 !^ ^iV?*? ab <= OUt unde "tanding of the nature of 

I'nft^ucti^^^Thaf StUd6ntS abou ^3cience%ere mo'diaabJfby 
teliitt instruction in aiVe conce P tion s of science persisted 
rlSani^ ^ h Ji- a ■ SOme caseS * Im Portantly, some studies 
ou?X 2 ^ r th ?H^\^. C ° n "L^ i ° n science «rved an important 



purpose for the student. These 'altern^ 
students a framework from which to perceive the world 9 ?he 
reports generally agreed that explicit ^pression of* th L 

ana couia produce a more reliable view of the concent-ion of 
science of a student than could be produced by other means 
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2.0 TEACHERS AND TEACHING 



Whereas learners occupy the cenhpr r>f 
teachers shoulder the responsibility for learners an Jel?ntn«' 

STnVj Tonlt^* of^t^e i f e e a pendent of guidanct. M^Sie?; 
pedagogical skills can l k Earner suggests that general 
centirld knowledge a f phe independent of discipline 
teacher education Thus* K^or contr «y *° current wisdom in 
they teach They' must L P f " S J^ USt unde "tand the discipline 
the 7 continued deLlo|men^ of tSehlS en *i i 0 ™"^ » hic * afters 
with colleagues, .od oTt^i4» £ d eas 

teachiSg/ 0 w C e US eiaLn°ea r^sear^Tn 19 8 T°W' teachers and 
its contribution to the devP^Lpn^ f 7 Wlth - the Perspective of 
teaching. The studies vbviSES DeW vieW ° f teach ers and 

general areas? methods tKh s u «S 8 „f ^ deal with two 
teachers, teaching, and th J 4 nrof 2SSior «i ff cha ^f^ eristi « of 
studies focus on two soecifir fh^fe pp^I" * Wlthin methods, 



2.1 Impediments to Exemplary Teachi 



nc 



2,11 5£Lf aCto " impede the development of 

exemplary science teaching practices? 

contin^ an ^eal we must 

mitigated "by "numerous p'ragmaUc cSaVrftSn. 9 ™ 1 ' h ° We - Qr ' iS 

rankj° the'^pJi^Vs S^ELS* teachers, who 
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reported the most significant problems as follows: < l\ 
inadequate set-up time; (2) inadequate preparation time; (3 
equipment deficiencies; (4) insufficient time to teach all units 
of study; and (5) lack of time to develop new units a 
comparison with the NSP 1977 results revealed no significant 

2 e f re t hp e i fl f0r n, 6 °V h , e 18 P / im? " ry grade (K-3) impediments and 
f L L} 8 int e rmedi ate grade (4-6) impediments. Implications 
for addressing these persistent problems were discussed! CaCl ° ns 

^■Hnof?- n U p 87) P e , rforme <3 a descriptive study regarding the 
JSiSffiS ° exem ^y scien " teaching practices of Western 
?3 SL SC1 5 nC i e o and ^thematics teachers. The study involved 

13 science and 13 mathematics teachers from grades 1 to 
however, two sixth grade and two high school science teachers 

M^erLr^^n^e 56 ^^'^^ 3 S^ 9 ^jTa 
quaUtatrve research design, Sanford (1987) collected dale from 

hlS Vchoo! h 1 - 33 , 365 ' jUnior Senlral sc'ence and 

relati" nattern^ „ 9 f y olasses ' f ° r the purpose of comparing 
orcer tas£s\ The rests' o^thA" 3 ST ^S^ement of nighe? 
under ideal coJ&oLT&o&.'iS . n^cons" stenr y ^.S! 

Kr^St^'t 3S d 33 ^cheVScatorr J££ Sore 

the SSSft^iS ^^^*£K7* ?f ~ *.? 



cne recruitment and retention of potential ' teaehino «r1T«£Ji 

results indicated the most critical concern V be lm starting 
Passion were^n*^ ^ven for not selecting' the" teachJn^ 
the thinas TVAh.Ji / I °' concern: CD don't want to do 

'Siti-SSSri* 'af^yeS Tf m wor k 3 : 0b ( ^ CU p r oo y r '- & 

a£lMi\ "^fa by ~l 0 o°rs, 3 °or 
concern* reaardYna ?L -f^ 6 ^ by students to alleviate their 
concern regarding the attractiveness of a teaching career 
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higher starting pay, an average startina sal*™ of soi can j 
diatr S iJ? nC i k AJi? 87) r . eported a studv which determined the form of 

years had contrfbuted sertouslv ^ ch , h coord i nat °" in previous 
teaching, at lnttottoi^lxFJ^^"" °* 

percep\ e °on a s rd of (1 N o 8 t 7 h ) i^^JLntg^fly"^™ ^ 
principals about their role and f ~?^tiVn \n^° •J^ 1 
programs of their schools. The maioritv of °-h™ science 
comfortable to highly satisfied SJ lv, those sampled were 
science curriculurn Less S f,i f L h6U handling of the 
service during the Dast vo ? r (4 ° %) Provided science in- 

sampled Miicipals indiLS , h Whlle . S 1 ll u g . htl y over 50 % °f the 
funds for science r • availability of local school 

the schools? bu "less thin b& T „ held L * over 60% of 
use of NSP-develooed eurVi^if f sampled principals reported 
presence of a social flctilt' * LeSS - than 50% indicated the 
principals perceYved I their JiXh^ 0 * * c " nce teaching. These 
science^ natwial 5?iirily usinS fV it^ as ° orafo ^able with 
of teaching science and t-o!^ lecture/discussion method 

minutes eve?y day ' teaching science for more than 30 

signiSf of a feveLT?siJL 87 reL y teS e ? iZed - and inte ^ted the 
ETScSW r ou^ow^ 

teaching in the UnYted State, ^Jl* 6 c ° ndltlon of education and 

the potential demand "for science SrV'inS? teaCherS and 
the problem has eilskri tk. teacners, indications were that 

riU^^S?^'?^ 53S5S 

avail!blVproJe e c\ed\ h ipl d y „m l^V be^oV" 0 ^" ™* «>e 
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.■ F }. na } ly ' Rollins (1987) performed a study to assess the 
certified qualifications of higher mathematics and physical 
science teachers in the state of Utah. A review of 362 telcher 

2S d 5 nt i al i indicated that onl v ^ve teachers did not meet the 
standards for Utah certification in the above disciplines 

^nf-rJUh j mp - edi ^ ntS tC ? ennancin 9 teacher effectiveness are well 
SffJES?!*.. 111 the WOrk place and its workers. They will be 
" U to // move ' *»°ng the most prevalent and persistent 
problems addressed are inadequate content knowledop 

Usks S1 fow n 7 T ng t f ac ? er " t0 ? r ° mote higher ordeJ cog„ ^4 
SJSo low . tocher salaries, and the need to provide elementarv 
teachers with an on-site science specialist to provide Issuance 
in improving elementary science instruction. proviae assistance 

2.2 Effective Teaching 



2.21 what strategies have emerged or continue to 

be promoted for enhancing science teaching 
effectiveness? 



r^ of questi n g 

eLmffed ThV P?? V6 i c 4 urriculum Programs. One f additional l?Sd? 
examined the effect of cognitive style and science instruction 

*.^ n C - VO ° ks J 1987 ) examined the development of ouestionino 

tIacSe?s 6S ^ T 9r ° UpS ° f P^rvicI elemental sc?encl 
ceacners. The two groups, constituted by 38 oarticinant-* 
enrolled m a seminar designed to promote questioning It iSSSieS' 
One group received videotaped and written models? whereas ? thk 
p eco ^ received lectures and written models of YnstructSn 

on effective questioning techniques. upon completion of the 
SllJn, sem M inar . s < each participant presented three scie ce 
fir either tVT^f^f diffe ? ences were found between "JoSpS 

the use S/I^w!^?!: Kell ° gg and Le ° nard (1987 > investigated 
cne use or a single classroom computer to foster the improvement 

of questioning techniques of teachers. Results indicted that 
lllllf teac ; hers effectively used interactive quest^ninq 
Snpi"i qUeS u*? su .PP lemen t computer assisted instruc?ion 9 
Questions asked varied in terms of quantity as well as quali?y* 
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£om\ U \^ be modified 

computer technology. facilitator role through the use of 

Demchik (1987) investigated the abilifcv of =o • 
service elementary education Lwc aDlilt y of senior pre- 
lessons. The 38 seniors wer^^omi « PUn 3nd evaluate science 
treatments. The experfmlnf^ « Y assi 9 ned . to one of two 
instruction in lesson 5f an S i 9 P rec eived intensive 
supplement tc forSl ieSJSS ognn?^ evalua tion, as a 

traditional methods clals contex ^ L?^ Viencea ? rovided " a 
prepare and evaluate lesson nlVnn^ th 9 f° U ? S were re qu"ed to 
respective methods classes toffES?- actlvlties wi ^in their 
was used to assess the effect of Thl 1 ^^ anal y si . s of variance 
well as the potential interaction nf ^i n ei ? S1Ve - inst ™ction as 
cognitive functioning ?forma^ versus nnf^ 6 ™ truc "°» with 
experience. Results indicated hh!h Tn, f ° rmal) and science 
highly significant ma? ? effect ^Li»hi e r S1V V nStruction was a 
ability to plan and evaluatl^cLcr^ t0 the 

physi^^ac^sV a^nTstfato^s^^deSs "1*5 and 
assess the teaching ef fectivenes^ of ' • and P aren ts, to 

teachers in Virginia. The wsuit? o?^ S ° lenCe ? nd physics 
general lack of perceived DrofaL- ^ e SU J Vey indi cated a 
teachers with resale to tJkrfi™ slonalls P *>Y these science 
certification by mean T of takina - erfe n CtlV . eness ' renewal of 

of use of inf otLl idw of sciel w ? ?ieDCe courses, lack 
involvement in science^ and lo » student 

practic?^^ on the willingness of 

science pror-am, Lockard ^ (198 7) reportedThL \ lab ° ra tory-based 
coached demonstrated a hiator i™? b teac hers who wer- 

noted that coaching had a do h„I ?, f pto ^ ram use - He further 
from those related to 'self £LtH iT" ° n teacher concerns, 

'impact' of the pro ran, on students ^liT" r6lated to the 
attitudes for lLrnil °" scuaents, as well as more positive 

teachers Attitudes JSJ? 0 ^* 0 * fc am ° ng st «*ents of coached 
teaching, howVvVr. Xf?!""* teachers towards s cience 

follow-up «'; U dv miahfc ha ' • 9 <f 33 3 result of coaching. A 
formal coaching 7 efforts have celslTK t0 h dete ™ine if, after 
use of the program, II Jc^ll !^n teachers continue to make 
overall attitV toward cience S£o&J^!%&*»» in 

teach e rs P ?oSSJd a sciencl' wa'Vi^ 1 ? Ck , ? f change in attitudes of 
Wachowiak (1987) i5 t ^r reiorf ted b * Conwe11 ' HeJgeson, and 
between cognitive sfvle DrVflSSL ° n «» th6 P° ten tial mismatch 
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iL r P"!^ ng P Su^? 9 . type * This type is in shar P contrast to 
the intuitive Thinking style, which is predominant amonq 
scientists. The study consisted of 56 participants, all Sensing 
SSf 11 ? 9 t P e3 ' randomlv assigned to one of two treatment gro^s? 
Sfi.'l' St gT u U l 32 Participants experienced nine sciei.ce 
activities matched to their cognitive styles, while the other 

ir^ a ^L/\r r X 1C - i?antS . e *P erienc ed nine science activities 
«i?0?£> G * e i }° cc theiv cognitive styles. Results revealed no 
JJSKfJS! «t differences between matched and mismatched groups in 
£2iSc?w ? t .^ mat . erial prese . nted °* overall attitude toward 
ISSSh science teaching. The authors concluded that, 

although it was possible to tailor science activities that were 
251h- recei ^ d ^ students as a result of cognitive preference^ 
matching, the concept of matching cognitive style illustrated 
only modest insights in the present context of till study ^e 

™d iSS J? F ia i l6S i making cognitive style matching a reliable 
and predictively valid phenomenon are yet to be identified? 

^nn^f abil i tv to Predict and enhance teaching effectiveness 
2!S!2?:. t0 i som f wha t elusive. Factors such as questioSing 
25 ^!£SV- leSS .° n 1 planninq and reflective evaluation, wait-time? 
and cognitive style mismatches continue to be reported as nre- 

acSo a ^?^ 6S Possessing positive contributions toward 
teaching effectiveness. Althouqh these nlanninn a «ri 

SSSSSSuSi. T? inue to be E *u? 

f J~Jl- J, J ?' st J udies of in-service teachers seem to illustrate 
a continued demand for follow-up (i.e., coaching), in order to 
support positive attitudes toward science and as* a consequence 

science teaching. This demand appears to be of fir 
greater frequency among elementary teachers. 

2.3 Teachers and the Nature of Science 

2.31 How well do teachers understand the nature of 

science? 



If teachers are to promote an adequate understandina of th 

^iVtv Pe i n t de i n , t relatio , nshi P s am ° n <3 science, technology, an 
society, it is paramount that thev dos^p^ an n «A m u*J t ' _ _ 



the 



e 

and 



nJfcnro «f pa F amount that they possess an understanding of 
nature of science and the ways that — V 7 




co ™? ikael . (198? ) examined the perceptions of 29 pre-service 
secondary science teachers about the nature of science using the 

Sientatfon /o en ^ flC Scale ^KS) and the ProcesI 

orientation to Science Scale (POTSS). Entry level results, 
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JeSSS S^^Sfig* ^ry science 

adequate understanding of ' the following m «m 8 P 055 , 655 ^ an 
developmental; (2) testable- and / 3^ • subs cales: (D 

after methods course T inst^uchini im0I l 10 . US * ^wever, 

instruction on the nature of science a^n, C ° ntaine ? «P"e*t 
significant for anv of %hT «• u' gains were not uniformly 
addition? the total NSKS l r ? subscales of the NSKS. in 
with total POTSS scores h?,°- S Were signif ic antly correlated 
with other studf variables. " si 9 nif ic antly correlated 

understanding"^^ oFS* 1 * U987 ) ex P l0 ^ the 

teachers. Data were SSllEiJ? sc ^ence among 91 middle school 

Science (TOU?) as well as a survev 1 ? 9 thS TeSt of Onderetending 
variables. Ut^^&fJ^lS™™ se , veral dem ^raphic 
on TOUS than their non-sci22£ 61106 t _ each ^ 3 scored higher 

indicated that (1) at least 5S «# ?TS nter P. arts ' an item analysis 
correctly distinguish b^Wp f science teachers failed to 

discriminate S ^J 1 " .^om technology; (2) failed to 
misunderstood cooperation Unnn °" e f.' and h yP°theses; (3) 
chance and tri^anV Sro^L« SCXei ? tlst « s '" (4 > believed that 
research efforts; and |£ I! 83 " . faCt ° rs in scientific 

science. ( J were uncl£ ar of the overall aims of 

vaiidity'or^assumo^^ ^FX r6P ° rted a studv to test the 
the nature of scfencf dlrectlv inf 1 conce P ti °? of a teacher about 
behavior. The SatSrI of Scienti^i^fn 0 ^ 5 1S ° r her clas sroom 
administered to 18 tenfch-ar^f n Knowledge ■ Scale (NSKS) was 
a posttest to control For anv °iS 9y teachers as a pretest and 
during the investiaation w< % ° v changes in their conceptions 
of the 44 cias.rnni A * S the option of down time? none 
between the ' high'Td ^ tL^ 9 ^^ dif f e ^ncia?el 
investigation did not suoonrt- er8, , ThUS ' the data of thi s 

classroom behavior of thf teacSpr P' ev , alent assumption that the 
or her conception of the n aturP of .««ectly influenced by his 
result, of t^"^^^^^^'^^ intriguing 
variables specifically related tn t-h? , - ° f those classroom 
nature of science to etatiefciSi i „ ^ • various aspects of the 
groups of teachers The mUSrl eren ^ate between the two 
science education fco nr«Lt recommended a redirection in 

nature of science f ° ° IT' adequate conceptions of tne 
recommended a more balanced tr Afc^n, 50 ^ 8 ' • Purfc ber, they 
of science and specif icallv t a r«^ ^ °l. the u his t<*Y/PhilosophJ 
pre-service and in-^L^ , ■ teaclun 9 behaviors/skills in 

ooncepc or tai-chi. Tai-chi recognizes that 
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although there may appear to be dualistic perspectives, one 
perspective considered without its counterpart loses its richer 
and more universal meaning and/or balance. The authors proposed 
that many science education issues such as theory and practice, 
ShSnid*? d ^ namc ' le ? ture and lab, content and procefs, etc 

Stitia. r^r?h ned ^S — J aS Single ' more comprehensive 
entities rather than as individual components. 

t^rh1n« efle S tive i sumraa 7 9 f the relationship between science 
iiJmi 9 «f nd Va l U6S ° larif ication was undertaken by Thelen 
(1987). The report contained an articulate representation of the 
problems associated with attempts to more accurately ooltr'av 

science' StST 6 ^ iS generated ' and how'cl^s S 
science instruction often fails to take cultural yai„ B c 

SSiwiS 1 ^ sci -tific theories! St^^Vccu'ra e y 
described that decision-making, intelligent conclusion-reachina 
and action-taking depend on scientific investigation, tte method 

beli.fi. iH^E^"' the Place for scientifically-based 

onoortun^ I domain of reason. The author concluded that the 
opportunity to examine scientific values, make e riH» a ii„ 

select i n 3 t 9ment t ab ° Ut them ' and il^strate 'the process 'of 
"1° lon °. f criteria to evaluate conflicting perspectives at 
objectives m science education were goals of contemporary meri? 

influpU^ 1 Jf l981) P, rovided a reflective interpretation of the 

theirTmnl^ft-- 009111 ^ 176 E SYChol °^ and conceptual change and 
^P^c/ticns ^r the teaching of scienr- The author 

fnstru^fon Se f 0 ^ 611 ' 5 en ^ ende ^d by a. leaJSing^SS. 

• ' u h - e l earnin 9 m which students engage and the 
teaching m which educators engage. with resoect to hhi« 
distinction, the author discusseV four areas of concern to 
science education: (1) the nature and role of knowledge" (2) the 
active, constructive nature of learning; (3) the descriptive 

^ r S enCe ; 5rS K US the P re scriptivenature of teaching; anl 
(4) the relationship between general orinciples of learnina and 

bv st'udLnt:? 6 a , Uth °H COncluded that alternative conceptions heJd 
° y s ^ de n nt s, teachers, and researchers for any task were 
" ^ « ulte differed from one another. Awareness ; of tie 
learninn nr C ° nCeptl ° nS held by a11 P arties in the teaching and 
elucat "on a P s a TiLini • im P ortant lf improvements in science 
eaucation as a discipline were to occur on a long-term basis. 

2.32 What are teachers' thoughts and perceptions 

about Science-Technology-Society curricula? 



anihJi^iii J „ rep ^ ted a surve y of science educators in the 
5£iin i I - Whlch addre ssed general issues related to Science- 
2 S r 80 " 61 ! J? S) ' Responses clarified several ilSSes 
within the current debate and, more importantly, provided a basil 
for answering some basic questions about the STS theme !J 



theme and 
31 



ERIC 4? 



hminniffTirmaiaiJ 



science programs. According to the findinas of «-ho 
science educators (1) ranked population «owth waL- rl surve y' 
world hunger and *;ood resourced Ztl wcn '_ wate * resources, 

war technology as the iTS^'Mt^V.-ueV'^^S?' 3nd 
that most social Droblems rpiX • lsSdes ' ( 2 ) indicated 

become worse by the yea? 20*0^2? JS* 00 ** 9 ?* technol °9y would 
population growth, £2m JLrlV "? at knowle dgeable about 

we?e least furies' w^Sl (4) 

schools were teaching vert 1 ?h b that elementary and middle 
(6) pointed out that hiS?Liois an? nS?^ 1 " 9 abOUt STS issUes ' 
information about STS issues" (7 ) anmii? ,f S i.E e J e . teacnin 9 some 
important to study STS issuei in^f^ ^ hat U was fairl y 
maintained that it L- 4^AJi fc s fc ln elementary schools; (8) 
school; (91 n^n J% h T M to stud -v STS issues in middle 

issues in\igh school ciliSlTnS Sfl, 5°, - StUdy STS 
suggested that the minimum pl?cent of in.^M tl<m { ( - 0) 
emphasizing STS issues in oiomlTi. ?L ins tructional time 

should be 10%, ill, and 20 M tar *>. mi * dl e> and high schools 
courses in which STS iSL respectively; (11) implied that 

all students; (12) iggested" tyil^^ Sh ° Uld be re ^ uired ot 
aspects of STS issues shoS ho • science a ^ social studies 
(13) indicated that i mplementation 0 ^^^'^ int ° ° ne course '' 
beginning; and (14) p^ffteTSJ Xt trJ** S ^. theme was just 
about STS issues have proqressed fml *lV? a re ^ atlve to teaching 
1950s to 'moderately ^^nenl in tL*'?" 3 -?* 11 * in the la ^ 
century. Bybee commented t ha? ?L , <= laat years of this 

the united states afmorM ^ ! T* science educators in 
Technology-society tneme wU m ??hi° °" t ^ nt . lon that the Science- 
education. Because ^ the STS hl^ in contein P^ a ^ science 
education, it was ear thf- ? 66 Was a part of science 
curriculum and Instruction ?,L£ here wer * im P li( =ations for 

IcSoo? p S ~. f0r - a -^' a " 

teach?^ -veyof science 

Sl&TO IcL„ce C !»^ 

programs. Their goal was tc p?ovide hLn ^ in . sch ° o1 science 
confrontinq the task nf fJ a Provide help to science educators 

and tm^o^ftlt&^l^S^, new conce P ts of scientif io 
included: (1) implementation of ?J « Programs. Recommendations 

programs as LlSrS^^ %a^V*tZ' ^ulV' and P su ™" 
issues in professional innSIi. ii, ' ( } - P ub l lc ation of theme 
clearinghouse; and (J? fi^ijl) creatl ° n ° f a * informational 
activities. ( ' financia l support for implementation 

study A t^percelwon? USed b * Panton * (1987) to 

toward the »rtl S tio°„ f c* ^^^^-le^lo^et^^b? 
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curriculum. The intent of this investigation was to identify and 
Itlt d f t f critical factors, using triangulation data collection 
methodology, occurring among 14 junior high science teachers. 
The foci were: (1) on-site classroom observations; (2) clinical 
JSn?, rV1 l WS Wltl ? teacner participants; and (3) a course-related 
documents analysis. Da ta analysis indicated five critical 
rllnZ? " hich al * Participants perceived to be important with 
i c ""Plantation of a Science-Technology-Society 

curriculum as follows: (1) content concerns; (2) frustrations 

^i m fn^ ent t -H POpUlati0nS; (3) eva ^ation uncertainties; (!) 
iutb£?nllJS l Z£ , grOU P 1 1 n9; and (5) teaCher role uncertainty. The 
addJeLed teacLTl 1 theSe critical Actors are systematically 

~ ^ Ch p e os S ses m s\^ng n °suf V fic!ent ^SS^t^SS^^ 

f-h„ Mi ^ aS / and ? lakel y (as well as Lederman and Zeidler) cited 
!??i-™? d K° r - an increased emphasis on the philosophy of science 
without whicn, science teachers run the risk of present ina an 

oTnlTa^L^T^-^ natUre ° f science ' scienti^ifknowledge 
Ivbee USr'fS In dl * Cernment be .tween science and technology. 
Bybee reported on the major Science-Technology-Society themes 
that should be integrated within instructional practice and 
Bybee and Eonnstetter discussed a sound rationale ?or the 
t^?^\°\. Sci ^-^oh n ology-socie^ themes in {Vie not 
teaching practices. However, Pantone noted a high deqree of 

Sa n i C idUv an of r t e h S ; Sta ^ 6 a ?° n9 SCienCe teachers, rVgardf™ the 
validity of the STS alternative. A lack of comorehensi wp 

a^socU^d^Uh ^th ° f , science «y "ell be aT?mptd?ment 

cSrricular ,1 n J perceptions of teachers about enhanced 
esoecialfv hh„A ?h\ VeS and , th61r willin gness to adopt them, 
?pSni a ii Y c * . that conside r science teaching from a Science- 
rtn»nl og y- Soc 1 i ety theme. Such a position was supported in the 
reflective analysis performed by Thelen. 

2.4 Research Interests 

2.41 what are the research interests of elementary 

teachers? * 

r e nor?pS e Vho SaiDUe V, Hel f 6SOn/ McGuire ' N ovak, and Butzow (1987) 
reported the results of an in-depth survey which examined the 

c^ducSd'as'a'comnf ™ tary teach — The presenTs'tudy was' 
conducted as a companion to a previous effort which focused on 

ulerfo'Lnd^H r , eSear n C n h interests ' ^e Likert-type instrument 
an a inhJ i r Coll fi ection consisted of 28 items, for which 

an alpha reliability of 0.80 was reported. The data were 
dichotomized as '1' (important) and > 0> (not important) which 
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^;? d " al i" Pe?«p«o»s Te a S U el»-ta'y tea'c-rs 

regarding the importance of 28 research totiis simS 
differences were detected for the 28 items, when 'Sn'i^d 
EKfai S. l h A graphic information 'collec "eT ^esSJs 



indicated the top "fi7e'7e1 ea\ch interests hand- 1 ^ 

ssi-ATsS SHI- - ^ t « ia o^ 

^erest^e^ 

reported to be the lowest SiSrf^ f" 9 TSf' in a . ddition ' also 
secondary teacher resetr^n*^ f ° r ^ PreVi ° US StUd * on 

2.42 Should teachers be researchers, too? 

teachers in order to i-rZ >k - as resear chers as well as 
students' learning So T teaching and their 

solving and reviewed briefly 5 °trlT"f i" P™" 1 *™ 

sat. .k^HSHSsS "S'wus 

concerning research bv *»n**»Jl tl 5 dearth of studies 
considering the eSaX kJ n I? i Particularly significant 
bridging the ! can lS.n 7 national science associations on 
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2.5 



Professional Behaviors 



What personal characteristics serve as 
influential determinants of professional 
teaching behaviors? 




currency "it "the «! s If ™ i" cr ? asi "9ly difficult to maintain 
methodological ptactices" To^a^ ?? TlZ^ scie ". tif — 
professional reading pattern's Tus^L* 'i'dd "VrtSSf life 

oer" h dVcals SUr t o ey h=' " % P™f essio^a! journals/ 

esnecUuV J?„~ n °- t 1 . ed by the a"" 101 « Uh c5ns^^fe ^fif§; 

slhlof'science teach?/ ^ P i£ft lly «± n n" ded f ° r ^ e midd ^ 

liTiVtr, - lati °" "p r s exfs^d o^twee^^adiTptlcti^ Z 
any of the demographic variables. 9 piaccices and 

Continuing on the same theme, Koballa (1987) conduct » 

r^fr^i^o 86 r t e ?" dil * rscIencenrdin g H h\ S b i?r o 1 S c ea M c 3 h S ers t ! 
tft ifty-item questionnaire was designed to collect all* 

n 9 tee dl "s 9 ect. C ons Ce T?"? ItJs ««e° or^ed furo 

readfn^S-journais,^ 1 !, tSSST^ J&U&iSSS 

Sii"i5"» 
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two (9.3%) teachers read science-oriented journals from 60 to i ?n 
minutes per week and 28 (11.8%, read for more than nn m !„ 
lVt£n±* Relati - sh i.PS between time per we^and^gender /degree 
attainment, size of district, and teaching experience were found 
nd b fc Un 9n , lfiCanL However, a significant relationship waf 

«»* th = -~«t of «tar£l published pe"year mP duJinS 
teachi^. 10 " ln « eased - » ith additional emphasis^ Method" "! 

Corcoran (1987) investiaat-pr? ;«<=t 

ev e « n 1 tu Vr r T t °4s ne r 1|o r S ¥ K^ P "°-"ve 
active in n„f nf /it reported that teachers who had been 

materials. natural history curriculum 

study consisted ' of 51 f»i??L~ ? comparison groups for this 
certification T within the las^ fl J ; e ; chers who "ceived teacher 
one of two teaehpr - • y6arS and were graduates of 

underg/adu^e oV? ^st^L^eaL^^egreV pWr-""^ 1 

practices^, tVe^f ^"SSlS, £K.' M,na9enent 
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Turner and Turner (1987) surveyed .158 faculty members at 36 
universities in the United Kingdom to determine the emphasis 
placed on science education in a multicultural society as a 
feature in science methods courses. Forty-six (46) facuit-v 
TSSS *K ?? universities responded. Only seven universities 
devoted a full day or more to the issue of multiculturalism. The 
authors found that very few faculty members actively considered 
the multicultural aspects of their subjects. Many expressed the 
opinion that multicultural issues were important/ but thf : they 
JSf knOW ^ ow to a PPr°a<=h them or did not have sufficient time 
Pd, -o " hem ' The authors suggested that teacher training 
needs to emphasize the issues raised by a multicultural society? 

Jungwirth (1987) tested secondary pupils, student teachers 

det e ™?np he ^ ^ ■\ Srae1 ' Australia/ and South Mr ica "i 
determine their critical thinking ability PartieinanJe 

responded to a test that included e'igSt categories of logical 

fallacies relevant to science education. Jungwirth found th!t 

c?nLxt?aT d rsoe C t ther f= PiCk8d i, l09i ° al fallaC * ° r aSnSed^S 
contextual aspects of a problem instead of selectina hhe 

ScwV ?co£?Sl d 0 C f ° nC i U - i0 h n * , The author concluded^? hi 
?n?frn=T j u ° f enables' was either not learned or not 
of VJSYnl f beca f.e .respondents chose plausible answers instead 
k™il^? 9 £ ^^ ll6 u ty " Respondents relied heavily on personal 
s?Sl? 9 wa a vs ?h P 0t ,„lh SPOnd fc ° lo 9 ic aHy Parallel situations in 
JStt i * s * The author argued that teachers must be able to 
think logically and critically themselves in order to he S 
students develop their own thinking skills. Therefore, teache? 
SKEH SKSi the imp °— - dev°e\%r t Ch o e r 

profe^n^^iv^s E'&^'Z^ £ 

b?oinnv P ^ 1V h £ . UT l ctlonal Paradigms used by exemplary secondary 
biology and chemistry teachers. y 

hhpir T< li interpret c Why ^ Xemp:Lar y hi 9 h S( =hool biology teachers and 
U987) oerfo°r m m S p/ UnCti0n S ° successf ^ ' Tomkiewicz and Ibegg 
exL Lnr// „ 3n assessment of functional paradigms of 

?? e " e . nc / d teachers. A sample of 28 biology tea Ws 
identified as outstanding teachers and possessing high dear -4 of 

?n?enr i „° a n s a \o 1 T 1 1Vement ' W6r6 S6leCted as Particfpants 9 ^T^e 
• determine commonalities that existed among the«=e 

iS?cf«Ro»\ C1,! «? tS ^ it ^ f6SPeCt t0 ^nized tradition.! rS! 
expectations of teachers: (1) teachino* to\ i 0 .» rn ^ rt 

facilitation; (3) curriculum development; and 9 ' (4 gover ,nce? 
?^. were collected by means of modified clinical interne; 

su PPlemented by a variety of questionnaires. The 
Sa4 h a °o r Ls" eP n r f e ? f ™ cti ° nal Paradigms for the following 
gove?n!icI' } teaCher; (2) curriculum; (3) student; and (4) 
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to idStifS^tS 8 S fi^?IL?? rf ° rme i- 3 "search study 

feLehar« LI functional paradigms of secondary chemistry 

tSc^rs* who rVatl ° nS and interviews were conducted on Jhree 
ceacners wno were reDresentat-iv<» of a - cutee 

school settings. Each slhoofwlf vLi\el ?ive times* ovef V /"* 
as"" 1 s S p P e a cif° f c ^ r Th ? pr'ogra'm^HE^M ^.uSSd 

Jlth Q ..n P h ^fF Context £oV - the study ' Results indicated that 
although differences existed among t*e three h Pfl nh aPC vfj 

variations in individual beliefs wainoe res0 . ar . cn all owed for 

...„.;.„ . ' u ,., oeners, values, techniques, exenmlars 
an~ routines; commonalities were far oro a »-o^ p ' 

among individual teachers n»hf «„•£ greater than differences 

curriculum materials were intends* tS.i • - Z- £or whl0h the 
regarding an increased L,.,«. I Im P ll .eations were reported 
school administrative oersonn^ % Y curril r u l™ developers and 
paradigms of teachers. " el for reco 9nizing the functional 

to p^esTan S V e i0 u nd^ta^ Vl 0 C f e More^of J?"* - 
^nderstancrng ofrne SSo^L^fi 4f '"i^" 1 
undergraduate s^rtut^tneV als" Teem ' f r-WS-f 
dLunc'tio'ns £fr nStrate a oomprohensi've unde"t\nd\V of^tne 

SCS:*?- - --Vcien 

safe Sg^H / "isss'^i.^s 

elemental teachers 5 ! ^ar^h Intents ^Sf^lW" ° ? 
priority reported for teaching either the f nature l0 " 

^ t i«S g fhe^VaS-aHFS- 
25! SL °f hari le c d o 9 n e s tructivi W st ■ "5 *V V"*"« ^ 

^Thftfedge"^^^^^ 



2.6 



Professional Concerns 



2. 61 What are the most important professional 

concerns of teachers? 

Barker (1986) conducted a study designed to identify manor 
work place variables that affect job satisfaction Within 
educational organizations and to utilize these variables to 
?hp 8 SUSf ^"rJ^V. 0 / 1 framework grounded in the principles of 
nl™° „ ltY ° f Work l lfe (QWL) paradigm. The QWL variables 
perceived as most important were the extrinsic factors of 

ItlTt iiUr 8 f"^ rt svstems ' and work load. Those perceived as 
least important were recognition, inclusion, and growth, all 
intrinsically related to work place satisfaction. QWL variables 
liMPvilnt relativelv hi< ? h level of satisfaction were 
achievement, resources, job enrichment and support systems 
rewards' ^^jsfact ion included growth, states, and^rormai 
ZVatZl ? V,- S c ev t ra l significant relationships existed between 
demographic factors representing age, experience, salary, and 

Based nLr l^T the QWL variab l es of highest concefS? 

Based upon the findings, a model was developed to intearahp 
aspects of the QWL approach with work place satis Faction. 9 

Smith (1987) reported a demographic profile of Tennessee 
0^ne n raY^ S e ^ h e O l° 1 sc f ience a ^/athematic P S teaShers including thetr 
general levels of job-related satisfaction, future dans 

and 0 ^?- ° f ^ eXt ? nt t0 WhiGh thev Possessed certain HilU 

la vir^h he ValU f S Wh ^ Ch they P laced u P° n cer t a in job- 
related variables, and their achievement in the teachina 

rrSr 3 XT" aS - P ° SSibl ? relati onships among the" varies? 
S5,uii.2 P '»i \ scien u ce ana mathematics teachers were highly 
educated. Almost one-half of the teachers indicated that they 

T°h- ' ?% U ?.\ ke i y t0 chOOSe edu oation as a career again, and 35% 
indicated that they anticipated leaving teaching. Teachers noted 

i5?isSet{?„ rOV ? ent extrinsic . fact ° rs would improve" tLir job 
JSifS iiS Regression analysis linked satisfaction with: (1) 
S 9 ??? e fS5 iev ; n 2 \ sens ? ? f . ^ing well; (2) recognition from 
ranuly, friends, students, administrators, and supervisors- (31 a 
chance to contribute to important decisions; and 4) valuino 
h???^^^" - ea - n * Satis faction with teaching appeared 11 

Mlif^lv^ 10 ™ 1 ^ 1 - 0 ^V*' Th6Se teachers "ted SemselveS 
p^intouts^ abilities to use computers and to analyze 

soeaki b n e a il n„hifo 7) StUd ^ d the ne - eds and con oerns of English- 
tlShm iS hit c f f w e ° ondar y Physics, chemistry, and biology 
fhfoo I the . flVe geographic regions of Lebanon. A set of 

queltionnaL 1 ^^ 1 ^ 5 ^ 5 T** t0 . C ° ndUCt the studv ' a demographic 
?2?2? V * 3 modlfied version of Moore Assessment Profile 
(MAP) , and an instrument based on the Concerns-Based Adoption 
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Model (CBAM). All teachers repoU-d many high priority in- 
service needs. All teachers had mostly medium* Je^el task 
concerns involving ; - - • - 1 xevex casK 




Sir ° f ""Sents. and changes needed to increase student 

Grer,li found little evidence of change durino the fir's K' 
IVZT ZtilT^**- T1 ? is Uck °« role cUge Ippeared "to D e 
ii!fiiuSa t^Yeac^rre ro% n er„ e r n ^t h th l^gfe Ch ^ 

orr^Li *™ rssT 5 L St Ff = 
f B s ^ e ™ Si 

rnei % r erve b / ^.a&^inf ^ S^S STO. 
2.62 what are teachers doing in the classroom? 

Si^rfeit^US^t^ri^^",^^.'"* completion 
to whole-class inanition durTng "h?ch the o!c= o? Til^^ 
H e ?r^«° n the r «P°nses of 5-7 more Si stude*ts° 13? £eac^?= 

wire Ilohl^f, H%"\ th P °° r achievement and motivation frequently 
behavior often appeared to occur when the cognitive demand of 



tasks exceeded the capabilities of students to respond; and m 
preparation for examinations was continually reinforced bv 
teachers as the purpose of instruction, class work, homework, and 
xao work. 

^•J£* kin ?. °? the P remi se that a lack of a clear role 
definition limits the effectiveness of the science supervisor 
S?5fi 10n A"* * hat any 9 iven i« an organization is perceived 

lounshAl dlff ? ren S ^° UPS ° r individuals, Malazo and 
Hounsnell (1987) analyzed the role expectancy of the science 

bS^rn"°. r . in /° r . th Car . olin a Public school systems as perceive! 
by superintendents, principals, elementary teachers, secondlrv 
?" e " c , e a tea -^rs, college science educators, and sup 
themselves. Results indicated significant divergence in role 
definition for the science supervisor, especially concertina 
evaluation functions. The authors recommended that SSmm 
supervisors should examine carefully the rolT expectations of ?£e 
various groups of individuals in their school systems a clear 
definition of the requirements and role description for the 

?n ™° n f° Ul „ d SS - rVe as a basis for the training of supervisor! 
in general and science supervisors in particular. It was also 

^^ ed ,- that the role fun ^i°n of the science supervise? 
rTe g eJ!ct^lf eV ii Uati °^ ° nly thr ° ugh "assessment oTtSe 
sSoervifors ^ ,h v ; rio '? s . 9 r °"Ps involved will science 
^hfnoVnJ fill-*. 5 0ti ± eV educat ional leaders keep abreast of 
changing attitudes and perceptions concerning their roles. 

fho Series and Kudeki (1987) reported a study that determined 
establish a ^, eement ,. between principals and teachers w^en using 
fceatw n ?l ia . fc ° measure effectiveness of a sciencl 

teacner. Results indicated that participating hiah school 

?or n mo P s1- 1S p a , n 1 d S , CienCe ^ aCherS aa "ed P on the ^elaAv^poSSSe 
for most evaluative criteria. Using these results, the author 

teacher'ld 3 SSL" - ° f the /"ributl. of an 'Sgt&E? JS££ 
llt^i ' ■ ■ m , ade recommendations to school board officials, 
ofedJcatiSn! Pa S/ SCienC6 ' aChSrS ' and "^archers in the field 

teachfr? ^niM 8 ^ COnduCt * d a aurvev of high school biology 
ceacners in public and private schools to determine hheir 
opinions about the teaching of evolutionary theory and/or tie 
creation model. Results showed that the religious Deferences of 
^^ r »- eSPOn i dentS influenced their opinions more than d?d the?r 
educational preparation. Most respondents indicated that the 

h?o?^i C . C ° n v, tent ° f 3 biol °^ * ours * should be determined h« 
biology teachers, not by federal or state le C i-iacive bodies. 

charactp h riiMn 8 . 7) e * amin . ed the ^--ationships between teacher 
cnaracteristics and sciencp achievement for spventh arade 

^n, Cher - S \l • 3elected small south Carolina schools 9 £ata 
concerning the certification and education level of teachers were 
compared with the mean normal curve equivalent s gain 
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science on the Comprehensive Tests of Basic Skills I ctbs \ from 
grades 4 to 7. Analysis indicated no significant relations 
the W c?Ss. any teaCh6r Characte ^stics and U^.i^^?^ 

Boyes (1987) reported an analysis of teacher interp^ in 

s™ 6 tSa? ^"rofnhr?^^ 103 " 1011 P"*""" reVul s" 

- Q cnac of the teachers studied were interp<;»-ori i« 

assent ^Kfat. lu^tYni £fj ^ ^YSK" j„ 

intrinsic reinforced B«hh !, ! ° rewards as complements to 
more opoor unities to contrih^o JL° te * thai teach ^s desire 
process in schools ? , ° the overa11 decision-making 

conclusions of Several natioSfi" 98 f" 6 consistent with thl 

^^£^^^ "^1^ of The $&JEi 

of a sense of i™ n = • / St n r - uctlon ' seems to be symptomatic 

teaching more as simply a iob and le<;<? a nr«c Q „ ■ -. treat 

^ jr j«ju dnu less as a professional career. 

2.7 Pre-service Teacher Education 

preparaUon* ^uSJST X'^oU* ^ " hi ° h dealt » ith the 
evaluations of ST^'rfu^io^AE fTa^AiSSSJ'S 

eras ^r^^?^^i£R^" 2 
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2.71 can standardized test scores predict success 
in student teaching? 

curr^M^"*' B f a l' ai !? . Ka . rrett (1987) investigated criteria 
currently used for admission and exit standards in student 
teaching m order to identify effective predictors for student 

cAttnrl*^ 5 ' l he aUthors examined grade point averse. 
Si S 11* A< : hieveme u n t Test of Basic Skills - total score, Ind 
the National Teachers Exam Specialty Tests for chemistrv 

feSa 96 ^ ? CienCe ' 3nd bi0? ° gy in order to Predict student 
teaching competence as measured by a performance led 

stlndaJd?^, ► reSUltS confi ™ ed Previous 5 research in that 
KaShfnfs^cces 6 !! SC ° reS ^ ^ 6ffeCtiVe P«dictor. of student 

2.72 what knowledge, skills, and attitudes are 
important for pre-service teachers? 

reten?Sn W of Z infL^"* ' 1987 ) examined the acquisition and 
teacher's h ¥°^ S Skills of Pre-service elementary 

of two mJn^S r K se of their study was to compare the effects 
nstnrUli . ° ^f^ction, teacher-directed and self- 
to leant™ lit d \ S1 ? ned ,. to fceach Prospective elementary teachers 
EL ?£\ re p and retain integrated science process skills. Thirtv- 
sP^/oni J 6 " 1316 J tude " ts we re randomly assigned to one of two 

Its provided 311 b U v ° ^hT SCi6nCe meth ° ds course ' instruction 
was provided by the teacher in the teacher-directed sect- inn 

whereas instruction was provided by written self-weed I self - 
instructional materials in the self-instructional section tL 
acaui^ti'on 69 ^' 6 '/^ 0655 Skills (TIPS > was u-ed " C »V«.ure Se 

iSdiSiS that t S h e ' e f^? n - 0f , inte ? rated P rocess skills - Resuul 
™™ u- £ he self - in structional method was signif icantlv 

more effective than the teacher-directed method. No b?eakdSwn of 
the individual process skills was presented. °rea K aown ot 

p rt ,^^ itOU u- ( -, 1987) examined the competencies of pre-service 
Egyptian biology teachers in identifying and correctina 

Yol C Te?aX\°:L£T * h ? tOSyntheS i S ' HiS ^° se was C °to searc' 
knSwledae f'SiS V% h com P e tency and background 

Knowledge, fxeld independent/dependent cognitive stvlp *nri 

toTel U ^ e ?h eri K nCe ° f , SC ° ring Student assignments or tests; and 
f?nn\ n l St , Pr^ictors of each comoetency. Two hundred 

»r r coS«^of frM / V 1 of .P ros Pective teacher? en^Ued 
in two colleges of education in Egypt. A studv-snpei Fi n 

ih n ^ trUm ^ nt - WaS developed to assess^ misconVptio^ * aboul 
photosynthesis. The findings of this study implied that teacher 
training programs should increase pre-service teacher 
s^ntr 165 ^ diagnOSin ^ -d correcting misconceptions 0 "of 
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maiors 11 inmn^ / 1 ofl?^ involving pre-service elementary education 
* 1987) investigated the comparison between self- 

coS?2% a \ q hr ien ^tfaf h ^ 9 t -H a - nd £ h 5 type ° f science methods 
course caught. Central to this study was the develoDment *nrl 

f r ^V-r^ tl0n i •° f K- t i he t - Self - conc ept in Science Teaching Scau! 
i^SS- reliability of 0.94 and content validity with 

Scott's coefficient of interrater reliability of 0.73 were fouid 
S-i 1 " • field ~ baa ed science methods c ourse and a 

scale yielded three distTnct^ ln S f ien ?? teaohin 9 

(2) quantification; and ,3' SSS "iVing ' FZ^FSS&L 

co 9 noep S t 10n i„ an f lll^f 10 ^ SeVeral contributors to ttTseff ! 
conclot »,Jf. ^ • „ teachln 9 score, including general self- 

down eneral dS ~° n ». activities fc ° determine if breaking 

teaching sue" materia? f? 106 e A e » ent «? teachers toward 

scfe^^^as 

expertaenul g?o„ p . Further KS^'iESiT redUC . ed in the 
association with anxiety in this s^udy ^ Patt " n had no 

course^Tnciiofng "ts^flel^ e " e ° tS ° f 3 SCien « methods 
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science methods course as presently structured in terms of 
Sfff^- 1VeneSS in P ro J uc . in 9 a shift toward more desirable 
?2 2SU responses. The impact of the entire course, changes in 
the order pf component parts, and inclusion of a field expedience 
2E2 examined. The . subjects of this study were pre-serviSe 
elementary students in their third undergraduate year? All" r 
mf?h^%- enr °}^ d in science (two experimental groups) or 

Tndfcated^t'hat "tL "SlJiJ 1 9r ° U - P) m6th ° dS COUrSeS - Findi ^ 

field experience component of the science 

! SI dld I ?° t si 9 ni ficantly affect the attitude ££«d? 

concerns, and anxiety about teachinq science fi = n ! 
instructional phase of the course made 2 significant different 
on the impact of the concerns of the subjects. significant 
difference was found between the experimental and JnSrJf 

Sce%ea e chfna 0f 

science teaching. Finally, placement of field experience at the 
sfS^SLrdrf^r^nc^ SCi6nCe meth ° eS ™ did not^odSce th a e 

partial ^valid-L^S <" 87 > °* a meta-analysis and 

?Ia V"- validation of the attitudes toward science, science 

eSmtS!' an , d un h derstan ^ng the nature of science for pre-seJv?ce 
elementary teachers. A meta-analytical study of experimental 

and te un^ , tOWard science, "scfencfteaching 

ana understanding the nature of science comprised phase one of 
this research. Studies of the last 25 years four Journals 
°L™?\.° f Research in Science ^ ducftfon' 
t " Zt S °f en ° e and Mahhpm a TIci7ThX ^cTeWe Teacher . w erP ' 
?nvm! ?0nd PhaSe c ? nsiste <a of an exp erimental partia l validation 
consh^ teachers regarding the th^ee 

constructs listed above. m the meta-analysis phase, 348 
citations were collected, encoded, and subjected to a series of 

?£L 1U s£p^ "»™ stat\s C acal t0 denomIna e tors! 

vield of i/nl^ • the reduction to 188 citations. A final 

l llltl\nl^ treated to calculate 

^^e^o^Tc" 5 ' 2 SC 4 Ce aVtSde e an XP un"er e s n t n « 

nature of science scale, and a study-specific ore-servire 

«SS?t7r B V a ? 0 e %? ttitUdM SCienCe fc ^i scaleTwere 

IvHifi ? r ?u S P re -service elementary teachers who were 
exposed to three different instructional sequences as follow ' 
le hods'^nd^Tfr^ 6 "/ Method s-Field; (!) Science 
experienced "Ld C lithiV^V Pindin 9 s indicated that field 
Icien^eLhfna ^ / h f 1Uen ° 6 ° n stude nts' attitudes toward 
lilt SLJ: f i 9 u*u - The tnree 9 rou P s were significantly different 
siqnifKn? di?^ 6 " understandin 9 of the nature of science? So 
significant differences were found in terms of attitudes toward 
science and attitudes toward science teaching. aCCltUdes toward 
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2.73 What are the strengths and weaknesses of 

teacher education programs and their 
faculties? 



taking personal St.^in'SSE^^SSff ^tVthf /' 
30 program graduates completed the 9 5 £n,i c StUdy ' 
Science and Mathematics EdueaHnn Natlonal Survey of 

information on obTect^ These responses provided 

time allocation, and text use R 9 eS nn^ egieS ' e< 2 ui P ment ™e, 
select national sample of fc pJnh 0 re^ P °^ S ^ S Were com P a red to a 
Workshops in 198 ^ Analysis of tll r^' ^ t0 - ^F-funded Honors 

Iowa graduates and Honors Workston ?22S SeS l ndlcated that both 
obiectivp<? *nri onor t wor kshop teachers had similar course 

ST si:ila a r nd amo U a „° t h ol t^e'^Vllo^tr'f U1 t - and ■ 

ways. ' and all °cated class time in similar 

cu^ilu'lum ?he?e la :e n r e e rS S eie n raT de h a o^° P"""* a " ^^grtted 
lack of consideration K ,?„ shortcomings. These included a 

curricSluJ T on t£ part of the < S?3S?* natu . re . of integrating 
between program faculty minimi plann « s ' . minimal cooperation 

and^ac* 'of g&»£3E t^^Sa^naru^r^; 

eU m eX e y Sl s 0 cUnIe eE Se a h l oas ■&£S 0Mibiliti ". ° £ =="ice 
(1987^ Tho a „tu„ mecnoas faculty were examined by Barrow 

preparation? r^ZU^TLlT Concern K ing - the P^-SS 
teaching experience as well 21 * res P° n « bi "ties, elementary 
each faculty member' a 7? hi dem °? ra P h T c information about 
reviewed hv i If!!. 77-item questionnaire was designed and 
reviewed by 3 elementary science education faculty to determine 
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validity.. Instruments were mailed directly to 91 elementarv 
ISJSS 6 m % th0< l S ins . tru f. tors from 81 institutions in 6 New England 
mp^S; F S urteen institutions did not offer elementary scienc- 

lettfr a an ?p^n 6 J r °cPa P ft ed fr0n L the stud y« After a follow-up" 
lSr™'in /-t U /. n 0f u 5 f % was obt ained. Findings indicated that 
^SSEiS^fiSilt^'lTSfi the M hi » he "t Percentage of trained science 
h«,,r« „ faculty (75%). Moreover, 14% had taken nine or less 

e?emLtarv t ^n C „° ntent -- The ma ^rity of the respondents hid 
fpm^P b <SS 9 , experience. In terms of gender, 33% were 

female and 67% male. Mean age was 46 9 vears *nri « i» 
obtained a terminal degree. In terms ? of course "load? 54% tauSht 
one section of elementary science methods per year- 11% tlulht 

^h e L°t r he m0 la e st S ^ y™- 0nly 33% M « 

inSrinr ^ rf, En 9 la . nd Pte-service preparation were generally 
ac;II s 0 the 0 „ P a r t?on amS Fo" ^aZ^tjT^l f P^SE 
did not require the* completion' cornet hols" fn^enVfcourses" 8 

ceacnef ZSJZ&SZ 1 T,"" 9 NSTA ° ? NCflTE standi i for science 
excellent P nr P o^ ' but l .. nl ° st administrators claimed to have 
a Sf. P r J i P aratl °n programs, other findings suggested 

«££ tVa^Tpnysrcs^La-t "ItTV*^ 0 ? 11 ! i" the »" 
teacher/ Tro ««I u .**3t, the results indicated that science 

^n^y-^iety 0 .' ^ in the area of Science? 

p m nh a !f ather an ^ Shrum (1987 > di scussed the need for an increased 
nrSoni% 00 fc s . cience education for out-of-school adults ?hev 
?S2 IS d 3 hlst , orical overview of the change in the nature of 

in tS Preoarrtion' 0 ^ 6 and eXamined problems to be encountered 
demand Preparatl ° n of scie nce teachers to fill this anticipated 



.rar^^rMfi^iS ^ armin ? t«nd toward emergency and 

critical shortages of 
Moore (1987) provided a 



i. espouse co an alarming tren 

aual?£?*/ n " rtif 3 Cation . Practice and critical shortages of 
qualified prospective science teachers, " 
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If ill^il^H 313 ""fF 1 ** traditional and enhanced programs 
s C i P pnt \ n h f ° r teaching science. To enhance the quality of 
science teacher preparation, Moore (1987) made i*»I r *i 
suggestions, as follows: (l) develoo a naHoLiiv r C n • J 
certification program for science ^ tLchers- ^roSf^^ 
establishment of science teacher ed UM Hnn ac }■ promot e the 
resulting in a Master's degree upon Us completion T°J£™ 

?eac C he^ i0n ana et r 5 e r n JSP' To^llUlt 
alses^ scienL ^t-LnhoJ 1 - 26 mu l fci P le evaliu >ion techniques to 
experYenles Manv of !£ m C ° m P etence throughout undergraduate 

parameters promoted by several naHnnai rf^™ • • • f-? socl ? tlon ' 



investfgaUors on" st^VnV'hVacS.ni"^;' t ? auoa "°? included 
. btuaent teaching, affective afctrihnt-oQ 

SlrreDo^ed^^ff V i*^ ^ stud * Evolving student teaching 
are lit effective st 0 u r d ^ ?°" £l ™ ed '"^ standardized test soorel 

anxi-t.^ . ™. ot attl tude toward science, science 

S'dUjaJU'gTw tea? relearch^^Af^ 163 b ,° th 
trai^^i.^ . y / tevious research. Another study develoDed *nr? 

f rtnn j n^^c • , F a ^J-uipdncs. No manor differences wptp 
f~2?' P ^ ofe t slonal Preparation of science education facuitv anl 

"2-,"°' me , et "« P^soribed standards. These studies were 
^Vl^le'tooVherTreal?" "* Sh ° Uld " 0t be cons «"^ 
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The continuing education of practicing teachers was the 
subject of several studies during 1987. Topics ranged from the 
organization and evaluation of staff development workshops to the 
needs of teachers concerning professional development. We beqin 
with a focus on evaluation. y 



2.81 what effects are observed in staff 

development programs? 

Staff development and science teaching was the subiect of a 
study by Bowyer, Ponzio, and Lundholm (1987). The purpose of the 

thT^ont^ S? f ° C - US ° n f taff development delivery v!rifb?es it 
the context of science teacher workshops. Specif icallv, the 
authors studied the effects nf vai-ian,^ ; „ 7 1 V y .' 

*. ,~ , . ctec " or variations in workshop desiqn on 
science teachers' intentions to use the new ideas in their 

ihe S ll^ and leadership variables on 

hff«rl^ i ? ° f f taff development workshop designs. The 

waT^sea L f p r f mew ° rk £ °l Sta " development used in ?his study 

was based on Piaget's work on the development of logical thinkina 

ioJnn°SS ent ^ WrUten Staff development materials used Jo 
communicate these concepts were taken from Karplus, Lawson 
Wollman, Appel, Bernoff, Howe, Rusch, and Sullivln ngilV 
Results suggested that 8 to 16 hours was a minimum amount of time 
spent in workshops for staff developers to consider if teacherl 
were likely to use the content in their classrooms. The workshop 
n^ 19 * n -£ P ^Providing opportunity between workshop sessions did 
not differentially affect teachers' reported intentions to use 
the content m their classes. The authors also reported thlt 
their data suggested distinct advantages in having workshops 

?L°a n il°v r the'infnn 11001 dis , tricts than organization!? 

no«Si- y : ?u im P° rtanc e of a strong, active administration to 
Sy 9 ?he dlta ^ St3ff development options was suggested 

science •tSJ U Ji i °, n and . analvsis of a cumulative elementary 
science staff development program was conducted by stone (19871 
The purpose of this study was to examine the effects of 
combinations of four staff development activities thft we?e 
Jnfl th° nS a . sunrner workshop in science on the confidence in 

Partic?Dants° mm rnn^ t0 teachin< 3 science by the workshop 
participants. Confidence was assessed by using the State-Traih 

Sconce f d , co T i , tment * us y ing a" scale' 'from ^e 

Science The of Canada's Questionnaire for Teachers of 
reore«fen*M no SW- 7 . 1! ! volve * 67 teachers from 18 schools 
? a l r S i tri ? S in 3 me ^opolitan area. Subjects went 

cnrough a self-selection process. Activities were cumulative 
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beginning with no activities for the first group, one for the 
second, two for the third, etc. The activities were: m 
attending a local science teachers conference; (2) receiving a 



«H«„5i e ^ 1 987 I inves tigated the effects of two models of 
science in-service education on the acquisition by participants 
student and ^ ta 9 e !. of concern profiles. In Edition? the 
Icoui^nn nf^^ 1 ? 1 ?^ 1 ^ teach ers were evaluated for their 
of* in-service t°raini 9 no* inde P enden * variable was the mode 

^i.^' . ■ training. One m-service program placed the 
?i P t ntS ln - an aCtive lea ming role while the other allowed 
holx traIn P ino Si r mode consisted of four, I-I/2 

necessarv to 9 imn^ P °? S em P hasizin 9 th * knowledge and skills 
necessary to implement a new energy science curriculum The 

SSSf'S Variables acquisition of knowJedge^changes S 

studpnfcf f n ConCer , n prof i les ' and acquisition of knowledge by the 
?K ™ i Participants. A pretest-posttest design was used 

sianif f c P an% C °^ St6d ° f 20 teachers and 53 intac t classes. No 
significant differences were found between active and 

experimental treatments on the teacher knowledqe £Jd Ituielt 
knowledge variables. The teacher passive group had a sibnififf^ 
£5ffS 6 in k . nowled 9e. Significant changes occurred within and 
between experimental groups on the stages of concern variable. 

fhro„^ e ^ nvesti 9ation of teacher change and student attitudes 

suMect *l T ? £ « th K Concer . ns Based Adoption Model was the 
subject of a study by Merrick (1987). This investiaation 
utilized the_ Concerns Based Adoption Model to design and 
implement science in-service training for 31 K-9 teachers 
fctages of Concern, Level of Use, and Innovation Configurations 
data were collected. These dimensions were placed on a best fit 
matrix to determine teacher needs. Matrix use identified 
training interventions matched to diagnosed nteds six - 
?° •! - ning sessions we re conducted over a seven week period 

Jellted' 1 "' th^ 6 " ""P 1 "* 14 h ° u " of personalLed^ asks 
related to their perceived needs and personal orioritie.; 
Science attitudes of the teachers' students were also obtain^' 

diS.' 1 .^. ' "tte^iona 1 !^ pre " P°^> training Concerns 

Qicterences, directional change in teachers' concern*; an rt 
increased use of innovation components during training! ' 

skillffrfin^no ( 'f 987 !- "P 1 " the impaCt of integrated process 
as.*f« ? he ? for teachers. The purpose of this study was to 
assess the impact of an in-service program, Teaching 
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Experimenting to Mississippi Teachers (TEMT), on integrated 
process skills and anxieties toward teaching science and telching 
exp nmenting for junior high science teachers. Also, skill 
IH5- S i tl0n and attltudes . of the students 0 f these teachers were 
studied as a measure ot teacher classroom performance. The 
frSS o r P°P ul . a V on fisted of 70 junior high science teacherl 
from 9 districts. The treatment group, 40 teachers, underwent 

aSun S if%n n ^ 9r 2 ted ?^ C6SS Ski11 training, whereas the control 
group of 30 teachers did not. A population of 344 students were 

made unThp° f tea( * ers in the treatment group, while 202 student 
JSnni P - cont rol group. Based on the findings, the following 

?eSuced 10 a n nxiphiP, ^ ^ TEWT Pr ° gram <"> significant.?? 
reduced anxieties of teachers regardinq teachina scipnno an £ 

If (2) .ig»ifie.n*tl, Coved t 9 he SC i„ e t n e C g e ra ? e n d 
process skills of teachers. Moreover, the unit emDhasizinn 

i22! r Ii-i Pr K° Ce?S - Skill - S Signif icantl y improved acquTfi?io„ SI 
iS!Si. Sk i A i S ^.^nior high students. Finally, this unit did not 
affect students' attitudes related to science. 

The purpose of a study by Salas (1987) was to contrihuhP 
^ofta ITca im T ving . the effectiveness of chemTs'try teache s^I 
tSlLJ IV n eV16W ° f teacher education literature was 

worishoo Y A ^p„r P i a -n ni i nS - ^ ^ementation of an in-service 
? s Sl Sel ^-compofed '^7^^ 

^de^vauSb^/ 0 ^ tMtin * ^ Validation ° f ^ 'Sail wa's 

While, Hendrix, and Mertens (1987) reported the findinas of 

SSnetS 8 rV1 ^. e "VA^ W , Uh *>io-.o P ci«l goafs'an'dTuman 

generics. This research focused on selected teaching practices 

Sfr?p l0 ? y and Ufe .^ience teachers who participated in P one of 1 
fSli °L SUramer SCience workshops held in 1978° 1979, 1980, and 
1981 The ex post facto design employed a study-specific 
questionnaire to examlnl" content and methods used by the 
The IS ° f NSF worksl ?o P participants and a control g^oup? 
The criterion group consisted of 108 teachers from four 

?SSj 19UO Thp Stat ? ? h ° had com P leted the workshop from 1978 to 
1981. The control group consisted of 201 randomly selected 
teachers with similar backgrounds. Final results were based ^n 

d a ssim P i r i°ar t^nVV 1**^7 aft6r P Urging respondents wi?S 
and 27 6* rSSi 9 ^ckgrounds. The subjects we£e 72.4% male 

stress;? ST T r°K h - er n S ^ b ° th groups indicated that they 

concerns 5? ae £««, ?S * lolo *\ cal . concepts to interpret huma£ 
hnmfn'J • Teac h e .r s xn the criterion group tended to delete non- 
human topics and incorporate more human topics. NSF participants 
also made significantly greater use of outsid i speakers 

lallllll and KSSi^*"* appea f ed t0 rel * cn^nonTextbook 
counterparts technia > ues *°re than did their control group 
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Evaluation of a teacher in-servicp training ~ 
physical science was the topic of a study by Lawre nz (SaT Tn" 

random sample of 4th " and 7th oral/ 8 science teaching. A 

fall classes was also ^3= 9 - stud ents of teachers in the 
institute, physical science^as m^^U 68 ^' In the su «»« 
and posttestLg Ldfcated tSt Lh? ^^satisfaction. Pre- 
beliefs about teaching scienc f hn? H™ lpa 2 tS - S3ined in their 
attitude toward science whnl „ * dropped in terms of their 
attitudes were recharged to i^fl ^ UCt "? • local cla "es, their 
local classes, the teachers J™** L P osltlve reeling. i„ the 

and P osttesti„g th r \vea\°ed"osU e r™ faEST"^^'- P f- 
improved in content knowledge. etrev.es. The teachers also 

^oursfon^^^ <»f a five day 

course included hinds on ^ P^im^y teachers - The 

that listed the content ?nd «™ i dlscus sions, and work cards 
during the workshop Two rHj rocedures fch e teachers explored 

group 9 (N=l 5 rtook ?he coSrle ?f ifsTlnd"^^^ The firs ^ 
greater number of hours delohP* f r ?P orted a significantly 
classroom than the Sd o™,? /« i^ B l ntal science in the 
1984. There was a fon f 6) ' Wl ^ Ch took the cour se in 
that both cohort «ent on ^r^l^ ^ the number of hours 
The author suqqested SL eri . mental scienc e after the course, 

of the IvZbSZSIS^SZI lncrea ^s pointed out the effect 

2 ' 82 te t th^ir t lf C 5 er8 - rep ° rt 35 im P° r tant needs 

ror their professional growth? 

univefsity^rocatei iTT^ll'llJlTj*** . an »y a 

college of education ^ departments, some departments of the 
ge or education and human services, and 22 school divisions 



ERIC 



52 



in the Shenandoah Valley region. A needs assessment of the 22 
school divisions identified general major needs, listed as 
follows in order of priority: (l) content courses for both 
elementary and secondary teachers in the content areas of science 
and mathematics? (2) curriculum development in science and 
mathematics; (3) science activities for primary and elementary 
HVl, students; (4) resource guides for teachers which describe 
55£i. ^structional television (ITV) programs, computer 

software, and human resources to complement the science and 
?So ^."^cs curricula; (5) conference for high school students at 
Snrf? l VerSlty u in the areaS of sci ence and mathematics; and (6) 
SSK P ^ Cha ?f . * eeded equipment and materials. Additional 
needs were identified by some school districts. 

inhorSi7?fi. SSa I 19 ? 7 1 conduc ted a needs assessment of Saudi 
intermediate school teachers of science. The purpose of the 
study was three-fold: (1) identification and adoption of a 

Hsess De a r n ctiv a i id ^ ? sses . sment ' (2) use of the instrument to 
L P , 6d n ^ eds of science teachers; and (3) use of the 
^ to examine potential differences in these perceived 

miabl.. 9 aX %?* ?- eS ? 0 fT S ' r ° le vari ^le and teacher^ 
«ff^5 1 !' - ? e final Arablc version of the STIN Form B was 

Ind 43 ed sc?pnt StribUted t0 192 SCi6nCe teachers, 40 ^iScipal" 
and 43 science supervisors. An interview was used as a 
supplemental instrument to elicit more information LdTc Obtain 
more information as to the content validity of the main 
det^m?n2£* ^ descri P tive statistics, the top 25 needs Sere 
till J *•„ P 5 C c t .° r analvs is techniques were used to make an 
r CC l ra o- lden tification of factor needs and to support the 
construct validity. This analysis resulted in fifteen factor 
needs which were obtained from the six categories of the , I 

a ° ° r -V- 3 time * 0ne " wa y a nalysis of variance indicated 
that a significant relationship existed between the intensity of 
r Pr ° fes£ \ lonal needs of science teachers and the location of 
their school (rural and urban), nationality, their attendance at 
in-service programs, and their educational level! accenaance at 

™„ * n . an . otner international study, Adi (1987) looked at the 
perceived in-service training needs of science teachers in public 
secondary schools in Indonesia. This study gathered the 
?po C r^° nS -H 0f - teacne . rs ' administrators, and teacher educator! 
inSudpS 9 !^ ^.-service needs of science teachers. Respondents 
9? 5££- I 3 l eni ° r secondary teachers, 19 teacher educators, and 

?L r a h d pr n ' Strat °- S - EaCh rated tne de <3 ree of needs of science 
nt ; ""service competencies, as mandated by the Ministry o£ 
Education. Data were gathered through a questionnaire Result 
iotn^ . si 9 nificant differences i'n perceived ne"eds of nine 
competencies among teachers, administrators, and teacher 
educators; and eleven competencies among biology, physicl? and 
chemistry teachers. while teachers and teVchSr-educatS?s 
perceived 'mastery of subject area content- as .os i 
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administrators perceived 'use and management of lab teachina for 
teachxng-learnmg process' as the most important. ceacnin 9 for 

Responses of American pre-service teachers rm ^ m K a ii t* 
N?aerLn f c SCi f nCe S ^ USed as a cornea ring Ueir 

NiXriS SIT' 8 bY C ° b " n (198?) - Ifc was parent that the 
Nigerian students were more inclined to see science as a Mu !f 

Kcond ^• efU , 1 technol °gy ^an were the ^erica students * The 
IcieStishs « nCtl ° n 1 ". dica , t . ed • that Nigerian students perceive! 
scientists as more nationalistic and secretive about their work? 

and sciSce teaching and iV^ , Y i P"« ve / ttitude toward science 
naturl of science 9 Concerni 1 ade % Uate unde "tanding of 

elementary science telchlrs InS ?hf 6 „ f ar m ° re Conunon amon 9 
be a problem at all S/of science 6 ^nT"" C ° ntinUeS t0 

persisce'nt^oM^f ! . int «« t that °ne common reaction to 

service LE, "I aB ?. n9 "-service teachers is to blame pre- 

SS?t £1FS - See ^J* 

program graduates ^ ° f ° Ur SC16nCe teacher education 
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3.0 CURRICULUM AND INSTRUCTION 



U h 0 v 0 l eaS u learn l rS ,f nd learnin 9 are the central focus and 
Vprrn?™ teaChe " fcl ?e responsibility for learners and 

f^ff 11 .^' curriculum and instruction represent vehicles for 

J£ tl- ng l6arning 1 goalSt Linp ' 1987 > a ^es that the goals of 
™ s ° ien ° e curriculum need redefinition and expansion to reflect 

S?riS?JS e 5! e 'i tech 4 nolo | i ? al advances, and" societal needs' 
f*llnrl ^J eVe l? m ? nt and inst ™ctional design should delude 
fn^rJ-o,? n° tlVate students ' depth at the expense of bread' h? 
feeltec ^Sif than l ar i Lti °™ d knowledge, and instruction and 
feedback through new technologies. Moreover, new tests are 

!»2i*oSa££r types of compiex iearni " 9 ""-^ "« 

reports into six areas, the impact of technology, the Xasis on 
problem solving and inquiry, the use of lanouaoJ TyX. 

=ufricl a ium 0n Us^^ano^^T ° f »' ethods " -pecls^f ?ne 
SESES. 1 We el b egin a ^\ h %ocu e rortTc n h t „oi a og a y. ^i 33 """ ° f 

3.1 The Impact of Technology 

«<= om Ear ^ ier We noted Linn ' s (1987) observations and descriptions 
SL?r ? K r ^ in H researcn them es in science education. Another theml 
described by Linn (1987) is the utilization of new technologies 
?2S m e ^ am , ple /, com P uter technologies not only let students 
thS Seie hprl'? 3 " 3 in new .^ s ' but P^-mit them 7 to tackle taskl 
n£w tULolaai^ Z im P°r ible * Moreover ' researchers are using 

cLSanS^S, technologies applied to 

3.11 What problems must be solved to realize the 

potential of intelligent computer-assisted 
instruction? 

artificial ^r?^- 031 P a P er '. Good d987) examined the concept of 

Swifted in,?rni- 19enC % as - Lt relat6S to intelligent- computer- 
assisted instruction and science education. He maintained thlt 
the important parts of intelligent computer-assisted instruction 
K"r!Si.V lg t £5 t s ~ teacher, and" the natural" envir'onSen?? 

instruction h- ► - °- intelli 9 ent computer-assisted 

instruction, he stated that researchers must solve three 
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problems: (1) the soft knowledge base of teaching and learning 
MoLSfr .f 1 - lan 9 u /9 e Processing; and (3) machine learning' 

of students^TeTrnfnn 0 ^ 0 ^ ^ I**™ t0 make accurate diagnosis 
n i earni "9 states ;just as physicians do of patients' 

known qrrf included by describing a revision of uTe will 
known SCIS learning cycle based on cognitive science at A 

additi^ al of int t e hi ligenCe P ri , nciples - ^e revision! Sded g£ 
inviii?Sn ^ concept 'prediction 1 to exploration, concept 

model through p?ed7ctfon? " m ° del int ° a *° re "exible 

3.12 How will computer technology modify 

curriculum and instruction? 

^rdwa^nd ^r^S^^^-^^^OT^ 

Safe ' ^H""' " f«Snt!r p^rfuTOj^ sef* 
educat/on. Tinker" arqued "haf f ° r ■»<*—«<» and science 

Snii- a tanding o^ mathematics and science by all students 
to take advanfanl nf Vk ( ' train teache rs to enable tnem 

^^^as ^r^ri^'L t &xs&si?»£ 

£ SiSSEE ? C J 1 ? veme ? t ? ar beyond what we historically expect of 
^evolving but largely informal and inarticulate profLJSS? (p! 
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3.13 How is computer technology being used to 

enhance student achievement? 

mn»-^n Sing ^ he Exte . nded Microcomputer-Based Laboratory (MBL) 
?H^2^ 9r t Phl *. ng ex P e 5 ie "«' Brasell (1987) studied the ability of 
students to translate between a physical event and its araohic 
representation as well as the effect of real-time versus Slaved 

sev'en^orfh ^ ta ^ Ninety 7 thr l e (93) P h * sics stulnL Throng 
exoe?im e nh ™ ra V Ch °° ls participated in the one-day 

Mm on * M 5?, four levels of instruction were MBL real-tim^ 

Sail se J? nd ,. dela y'. ^ control group that performed paper-and- 
tS?-onlv nZW 1 *? WhlCh Paneled the MBL instruction^ and a 
™i ?• y contro1 9'oup. Results showed that students in the MBL 
real-time group outperformed all other qrouos on no f!i-S 
achievement, primarily on the distance sub-test A reduction fn 
graph errors was primarily responsible for the dffferenc and 
Source 6 ^ 9raPhing f6atUre WaS attributed as a pdn'cipal 

^aPhs ma a n nd e SaShT^ ^V*. taSks toward 
thYt^ Pretesting of 93 students 

scheme pJm/lpJ JJl~ £l - £th , P ossessed an inadequate graph 
constrained bv lol phA^ inade <Juate graph schemata seemed 
lack of in^r Y , ability, whereas males were constrained by 
lacK of interest. Females had lower pre-test scores for ™pd 

o^hT^u/in 9 ^ 11109 it6mS bUt did as wel1 as m^les on'distfnce 
18 t an 9 3 """computer-based laboratory (MBL) activity? 
18 students constructed distance and velocity graphs for one 
class period, while 18 counterparts constructed 7 the Yame graSS 
= fnn 9 f PaP ^ r a u n< l pencils - Females in the MBL group scored 
^ bet jL er ° n P° st ~test items about distance graphs 
genSer'diS^pAopr 6 * e ™* s *™ s true for the velocity item!! To 
gender differences wero found in the paper-and-pencil group. 

Nachmias and Linn (1987) examined evaluations bv students of 
computer-presented information on temperature heat, and enerav 
p?S tS in , fchS SCienC ^ ^boratory. Two hundred forty-nine ?I5f) 
eighth graders participated in 54 activities over an 18 week 

Currfculun? Tn° phaSe£ USing - the Com P u ter as Lab Partnlr 
Curriculum. Ir phase one Nachmias and Linn found significant 
decreases in > ,e willingness of students to accept indoor" i ate 

lenSti^tv 1119 ' llltl Se h UP ' and -P robe calibration^ buff 
Ii?iJ , • £ fter enha nced instruction, in phase two, which 

Sfibiaiion p 9 n r / Ph I 0 * 1 ??*' experimental variation/ proSe 
calibration, and graph validity, students in phase two increased 
their performance on graph scaling and experimental variation 
showed no significant difference in probe setup "and" I calibJItiS!' 
E ptltlT " Pr ° be sensitivitv "lative to ?hei? counte?pa??s 
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Berger, Pintrich, and Stemmer (1987^ P v Sm i no , . u 
performance of students on linear an£ i^JL examin ed the 
tasks using a microcomputer Porrv , a*\ °9 arith "i c estimation 
graders participated i " the studv^pJ^ "J 601 ? JL nd eiqhth 
estimation by students could be ? SiserihX "h ^ ^ at linear 
curve with performance ^L^VveTtL^ *il£FitLl? tnL F 
estimations of students, however k f* logarithmic scale 

interaction involving -J IS S i ^ e described b y a complex 
position of th° " -fiM °5 estimatlon s trials with the 
Usage of various scrateqiea a?S on , the P1 lo 9^ithmic scale. 

performance, out ? did in ? u "n C e loaarith^ 1 ^ Un ? ar task 
Specifically, students who utiii»J ?S ritl ?inic task performance, 
a marker did better in terms of f ho the mid P oint of the scale as 

than their counties who um i f"^*?™? 6 nUmber of estimates 
guessing. councer P art s who utilized elimination, counting, or 

Pasca^rog^ " high school ap 

related to instruction H?ah m J° W P r ^ ammi ng skill was 
classrooms were found ?S* differ" in S^tifi ^ Proficiency 
as well. Classes showing ^ tL createst sknl alVn °l 9t } BtiGB 
(SS r r tfaf Yec^V, ^re^ 

their programs before' ooIiS! *Ld f^ 1 " 1 "* *" 

and /eofggi^ Sphel^fo^^at^^ 1 C ° ding 

students in general did no? r>it« v ey ^ound that high school 

to code their programs! and P th at hlE?'* b P s ? rted Mediately 

trial and error! that they ^bugged largely through 

perforce of" hl^ohiil^iol^ 11 ^. 5 he Pr ° blem Solvinq 
simulations in ungu & e d d^ with compute? 

conditions in three MrivI7. y '. i? i- dlscove ry, and control 
simulations (OSm6, mSnocIo! motII? ?S' P ° r three of the 
difference in gain rate on nmMo™ ? ] ' -i^ 6 WaS no significant 
specific subject matter For ?he ^/S?*"! WUh reSpect to the 
students in the quided' diSJl™ 3nd BALANCE simulations, 

groups, and s uderfts in the dJ?^ outperformed the other 

those in the control «oro Sn at nt r J i SCOVe r y qrou P outperformed 
in the guided -i-oo^?^^ 

Pr.lffK:^ C ?tudi..*U 1 ^ results ° f ^o 

Microcomputer-Based Laboratorv iSJ? dinal - Study usinq fc he 
preliminary stud? found S 1 ( - M ¥ ,) curricu1 ™- The first 
confusions y among stude n nt^ i r . r ? rs and slope/height 

status as misSnSeStiSns' d„. K Ivf and Tlnker questioned their 
difficulties via mr? m !K t0 the ease of removal of these 
MBL, -ing 6 

items, although the instructions^ 
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than graphing skills. The researchers identified MBL features of 
multiple modality, real-time pairing of events with their graphic 
representations, use of genuine scientific experiences, and 
elimination of drudgery in n ro ducing graphs as contributors to 
its success in improving graphical communication. 

Hess ( 1987 ) reported an experimental test of the 
professionally programmed instruction called Watts, Using 223 
sixth through ninth graders, heterogeneously grouped in a ore- 
tect-post-test design, Hess found significant achievement gains 
and a grade level effect, but no effect due to gender and no 
interaction of grade with gender. Students and teachers reacted 
positively to the computer simulation in terms of its 

?^ a ^ 1Za - 10 ?' 6356 ° f use ' eff ectiveness, and applicability to 
the curriculum. 1 u 



A number of research studies were conducted that compared 
I^?" f . instructional strategies using either computer 
StuJsfv ?i°Qft7? e conventi °nal *°de of instruction. Rowland and 
Stuessy (1987) assessed the effects of two modes of 

»M?^l r ~ aS / 1Sted inst . ruction ' simulation and tutorial, on the 
rttatfLJiiJl*: 3 *™ 10 * elementary teachers to understand 
L Si 51™,'" 3 nU ^ er ° f . conce Pts dealing with home 
s?v^ y ^fflr!nl S mea , s H ri . n 9 various dimensions of learning 
stvle es . were administered to ascertain which learning 

n^H a c : ons l truc ts interacted with mode of instruction to predict 

Result's tn A ir^ S ^ n t in K- and SCOres on an achievement test. 

I?- ^ I • d , that : enlevement scores were higher for users 
of the tutorial; however, the number cJ valid concent 

diff a prp°n n f 1?S ^ n0t di " er by tr eatment. In addition, ? a 
difference in achievement scores favoring the tutorial was found 

in*«f.v : ! C S exhlb iV n9 an external locus of control, field 
independence, and/or high discrimination skill. other 

F?naIif a if,hW°r d , n ° ^rence in achievement by treatment. 
Finally, subjects whose holist/ser ialist orientation was matched 
to cne appropriate mode of instruction scored higher on the 
achievement test than did those who were mismatched. 

* ™m™??? l 198 V r eP° rt ed an experiment in which the efficacy of 
a computer-based model using expert and novice modes fo. teaching 

H » J°V a - 1R9 n in J?*, Nat . iona l Park Service domain was compared 
to a traditional method which included lectures, field tripsT and 
demonstrations for a sample of Natural Resources Management 
candidates from the National Park Services. A pre-test-post- 
test-control group design -,as used. Results suggested that a 
S^VT^ ^sion-making process could be employed to 
«2 \ tne . decision making performance of students beyond that 
of the traditional instruction. 

Eisenkraft (1987) compared the use of computer simulated 
of P n£i= e tr _aditional laboratory work on the comprehension 

of physics students. Two hundred twenty-five (225) physics 
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then randomly assigned as individuals to perform a pendulum lab 
and a lens lab via computer simulation or via trad Uional 
laboratory work. Results showed that students with hiShlr 
?t!ni?- 1C ^ con lP re . hensi °n recorded more data points, discerned 9 ?he 
functional relation better, and scorad higher on the post-test 

sSSentf S in d Ml S J° Wer P echani "l comprehension Moreover' 

p25* diLJ^^^ffi^K ^t C t 0 e r r dSd and 0re sc^e 
EL 9 enkra"t\ h r s o PO f St " t r t - tha 2. did ■t«^tai»~n. # oo»tS g?oupf 
students in ?h/° U " "^ificant two-way interactions, in thai 
p u^ 6 - com P uter simulation were equally sue assful 
tfftShnirS i k 1 " mechanical comprehension, whereas* student! in 
the technical lab were more successful if thev oosseaw? h?«hi! 
? £ lc f al comprehension. A . so , achievement ^^eft sccres Sere 

simulation group. lf they were in the computer 



experiences »-h*»- hn„ e f 1 as effe ctive as hands on 

'ro'up onVhe post- 0 tes r t 01 EFtS*?'*""? in 
the experimental ^roup'perfSrLd e^ally well "Tre^entlon 

retained more than the females on the retention test. ^ 9r ° UPS 

i=h„ \ number of computer studies involved the chsmi =i-r„ 
S5StS?'.fS2CT and Ca ' lson < 1987 ' examined and chared t^ 

0. "cludld in de t hf P f -"T S k tUdent e^PtehensLn. 9 The futnors 
ex^nta-l ^ercUf p&^^ffllf SEES 
constant " e^?^^"^^"^ kt ^e™ 

reatisVic 'unde^ta^dl^^rVhe ' trlaf^^ 3 m ° re 

involvement with caref ulcerations' and manua" rtilff^M 

empha^X 9 ty to^ii^t^lS, * 

involved in the complex cnemLa? "«^lii^^M« P i!! 

a serfes of V1 r S 1 l a V», the P ° S ^ lab Write " u P a response to 

!.,h< ? i related questions and problems dependent on the 
subjects' understanding of the experimenter concepts ana 
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problem-solving skills; (3) the simulation programs were not 
provided with an equivalent tutorial set of questions or a 
conclusive problem-solving activity; (4) within the computer 
tormat all calculations were computer programmed and the students 
did not put forth as intense an effort to derive or discover the 
mathematical computations. The problem exercises had a direct 
relationship with the improvement in cognitive scores; and (5) 
there was no difference in the Avogadro's number experiment 
because in either instructional procedure, the format was so 

!nf?^ red .^ at 1 . t l ie .,, Students foll ° w ed computation in dimensional 
analysis without fully understanding what was happening. Results 

pLr^nfT n Pha f u° f the stud y indicated that the hands-on 
experiment followed by the computer-simulation format provided 
the highest cumulative scores for experiments on the acid-base 
titration and the equilibrium constant of a weak acid. There was 
no apparent advantage in the performance sequence for the 
Avogadro s number experiment. The authors reported that the 
preferred the hands-on experiments before attempting the 

«?Xn£ , 8 .t"5 latl0 P and listed the snowing reasons: 9 (l) 
students liked seeing the reagents and actually viewing the 

o? a !ht 0 °i C K hang _ es; (2 > . the y beca *e familiar with the manipulation 
hSrt.nl Ji° r j£° r J e< 3 ulDm f nt ;. and (3) they actually saw what was 
happening by doing it first and thus gained a greater 
appreciation for the simulation program which was used to confirm 
«lna n r i he t r newly ac< 3 ui red knowledge. Jackman, 

SSm™ V? 3I i d - Brabson J1987) designed a study to determine the 
lV?m*£ effectiveness of different instructional approaches on 
chemistry laboratory achievement through investigating 
fiffh^ Ce£ \, in achie Y,ement in spectrophotometry among college 
!5S^t who received either traditional, learning cycle, or 
s , imUlatl ° n instruction. Approximately 300 
second-semester general chemistry laboratory college students 
participated in the study, with random assignment by sections to 
one of the three treatment groups. Subjects worked in pairs in 
tll^T tru S t i onal t methods. The traditional and learning cycle 
pv^S- 5 ' 5* n0t the simulation, contained a pre-laboratory 
remI?ndPr «f -"vf 5 i 91 ? 6 " }° students °ne week prior to the 
US?i?f 6 / the l aborator y exercise. All subjects were 
lahi^lV, \ P5 e - test c and Post-test of spectrophotometry 
achievement. Analysis of covariance indicated a significant 
difference among the three instructional methods, and the 
adjusted post-test mean for subjects taught by the simulation was 

wi 9 ?i£ f ^ %• gre f ter than tne ad 3 us ted mean for students taught 
by the traditional method or by the learning cycle method. There 
was no difference in the means of the subjects taught by the 
traditional and learning cycle methods. 

pffp.?^f VenS ' / e - Ch ; and . Ka tkanant ( 1987 ) evaluated the 
effectiveness of implementing an interactive videodisc science 
lesson on titration into a high school science program. Results 
were measured on achievement and attitude instruments along with 
observational data. The basic conclusion of the study was that 
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no significant differences existed in achievement or ahuma* 
between the students who received the interactive videodisc fTO? 
lesson on titration first and students who received 52 
laboratory experience first. in ohher * he 

achievement and* attitudes were concerne , Vdid* 'nofUV anv 
conductTna "ft?* student \ u ^ the IVD lesson before w af 2 

however, showed that time, tvDes of prr^ ODservational data, 

objects l"uLrMna a d „%" f eCts o£ . Presentations of 

instruction. Students were ranted st .^ents receiving MCIV 
aronnQ. /n randomly assigned to one of three 

S^jecti^.,^^ r^V 8880 " ob ^ives, identified 

through text and ^ ^h^^H » ith ° b ^tives 

goals, stated on audic J track or J?) *hosewho heard only the 

analyses indicated no sianif iran? ,*f<=W scores. Chi-sqc^re 
groups on their responses to a?tih,.2tS? nC6S am0n9 treatmen t 
majority of student were ver, S abou^Vhei^ 0 ^".' the 
with the MCIV lessons. The reLa^rcher .ugg^ted ttat SS'fiSiZ 
of non-significance miqht be attrihn?!!! JL A finding 

instructional novelty, or^ £ s^uVturedUeri'aTs t'f^'i 

Simula tior„hic 1 n 8 a , Uo e « V s al a at tfa/ 1 ^ nin9 /° r PoBer ' a 

suburban 5ew Yor f cit« wi 6 .„, f ,° r k t ?° herS - The ""iects, from 
achievement test a' al « al =ed on a standardized test, an 

anHrZ^^ 
Hn^S^^^ 

effect cue to gender with boys at a higher level than girls? 
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Data revealed a gain of one-half of a standard deviation. A 
step-wise regression analysis revealed that the predictors 
accounted for 61.5% of the variance in post-test scores. 
Students reacted positively to the experiences, including the 
organization and quality of the instruction. Teacher reactions 
were also favorable but less positive than those of students. 

E ^" Ass « d (1987) surveyed teachers in Los Angeles County to 
determine the extent of computer use in teaching biological 
sciences at selected public high schools, to investigate the 
efrects and changes, if any, that have taken place in the related 
f^tS n S 3 5,f sult . ° f using computer technology instruction, 
and to analyze the attitudes of teachers towards the integration 

?L th t? J 1 * 6 : i Ther< ? Were three ma 3° r findings as follow m 
^Lr^i giCa , ■ uu, Ciences curriculum nad remained constant or 
changed very little as a result of using computers; (2) most 
teachers rejected the need for a redefinition of the major goafs 

hPi?p;l!tS Ce ,H in , the SCi l° 01 P r °9 ram '- and (3) most biology educators 
■ X «»»Puters could not replace the teacher or the 
textbook in the classroom. 

Collins (1987) described the problem-solving strategies of 
aeKtics J-ihtfi realis V C ' compeer-generated transmission 

cfSfn 1 ? a " d set forth ^Plications for instruction. 

22?2p P 5 rtS We - re inv . olved in the study. Each had a doctoral 
fSi! J 5 experience in teaching and research in genetics. Two 
Z¥ll m 0 KS?£ w « e ™ ll ? ble ^r analysis and for the description 
ZL \l strategic knowledge that was used by the experts. These 
™~ ^ he transcripts of the think aloud protocols and the 
SS3h?i2 r p a rint ° uts of the sequence of crosses for each genetics 
fcSfc T«.2lf ed **alYBia of the results, it was determined 

flplint? Ki SOlV S d intr oductory level realistic transmission 
??2!ni?l Problems by employing a strategy of data redescription 
lUlr i- Y i n ?K t ^ ai \ s ' variations and classes of phenotypes, and 
JS^Jh bU nS. 10n) Pri ° r t0 the formulation of tentative general 

o? iSStVon ^ xt .step, called hypothesis, was the strategy 
nrnh?oi= .synthesis. Hypothesis testing the classes of 

problems considered in the study required a definitive cross 
usually using zygotes. The third ste P was the strategy of 

S ^Hf S T en l Which consisted of producing additional 
^ whan TH im . the inferred hypothesis. Experts in genetics 

^.ff" and how to use the strategies to successfully solve 
realistic problems. The solution was the identification, by 
inference from the problem data generated, of general hypotheses 
about inheritance patterns and modifiers. Th y e experts, having 

e r S p f p . and confirmed the hypotheses by using them to explain and 

?5rtifiabfl fV™ f, high d6gree o£ confidence that was 
juscinaDie from the data* 

whether et o C r he nn? nd h- C °i llinS J 1987 } desi 9 ned a study to determine 
whether or not biology students were being disadvantaged bv 
taking computer tests instead of paper forms of the same tests. 
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S?fS t3 _ indicat 5<3 that mean scores on computer-administered and 
wnUen forms of the same test were approximately equivalent. 

alhpr!!??!:^ 116 ' S*! 1 ^ a . nd Park (1987 > studied the number of 
alternatives generated by 2nd and 4th grade students in interview 
versus computer simulation of decision-making. They found that 
children generated a greater number of alternatives in the 
interview than in the simulation setting. 

r 0mo ^ V L C l- Stndi t S dealt . wi . th the use of microcomputers in the 
remediation of scientific misconceptions. Murray, Schultz 
Brown, and Clement (1987) developed a computer tutor designed to 
help students gain a qualitative understanding of important 
C^fn^^i 5 * • Th * tu ,. tor Emulated a teaching Wateg^caUed 
bP d 1 ?™ 9 . c< ?n al ° gieS that P revlou s research had demonstrated to 
uS t e ^lj ne -° n -° ne , storing and written explanation 
JnnfaliAn In strategy was designed to remedy misconceptions by 
in?u?HnL L eX1Sting correct intuitions, and extending these 
these data fnrff^T 9 ^ 9 ana . lo 9 ical situation. Analysis of 
worked I : ^5 tG ^ thOSe situations in which the strategy 

?™ t u- We11 - and those where alternatives were needed 

i'n?en?^n?%^ COrP ? rate ? 3 re P re sentation of student beliefs and 
intelligent sequencing of example presentations. 

undershiLnl 9 *!} ~* Pl -V- e6 the USe of instructional design, an 
fchf h!?nhi„« 9 / c °gnitive processes, and computer technology in 
Solicit nr 0 ll P COnCeP I - in P h y sics . Students were taught an 
S?5i«n««f ocedure specifying the concept 'acceleration' and then 
ottlr ? «„X d , COr h rected ^stakes committed by themselves or 

of students " and blar^ 9reat - ly imDroved conce Pt interpretations 
or scuaents and blocked previous misconceptions. The researchpr 

ZesHrU* n!^ com P"t"s could proviL powerful tools for 
.f£e"°£ t 0 e n ach 1 "n S g t . rUCtl0nal ^ "* f ° r im P le -nting mo?e 

3.14 What are the characteristics of exemplary 

computer software? 3 



„ h Kjajcik, Berg, «nd Cathcart 1987) reported on the 

characteristics of exemplary science soft-w*re Tn " i 
scienpp /if , !• y science sortware. In sum, exemplary 

Process- lJlLi2 tm }* Gng f ged stud ent,s in the learning 

iMhr.frVinn ( an fc Ce . d f nd com P lem ented traditional teaching 

instruction; (3) contained dynamic visuals to represent ahsfcrir? 
concepts; (4) allowed for exploration not normally allowed in the 
science classroom due to constraints of time, danger, or mSney* 

«Mlv5i. rM of ! ^SL "IV Co11 ^^' graphing, 'interpretation and 
analysis of data; (6) provided opportunities to plan, synthesize 

ortlr ?2(n P " n edlC ^n and apply; (7) hel P ed students devllop hfghlr 
,f 1T l g skllls > ( 8 ) contained several levels of difficult 
that could change to meet the needs of the student; (9) provided 
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meaningful, informative, and corrective feedback; (10) made use 
of excellent technical features including uncluttered screen 
design, lean text, help screens, and self-pacing; and (11) 
contained clearly stated objectives. Examples of software 
programs that exhibited such features included Baffles (Conduit) 
Geology Search (McGraw-Hill), Birdbreed (EduTech), Discovery Lab 
(Minnesota Educational Computing Consortium), Models of Electric 

TS^JJfri /=, La u < Conduit )' Standing Waves (Conduit), CATLAB 
(Conduit), and Factory (Sunburst). mo 

nr.KiS! ar - ly ' computer technology is a powerful tool to study 
problems m teaching and learning. As new developments in 

povTf'uY L^riT ^ COme V f Uable ^rougS^cne i£Em£ 3 
CSmmiJ 2IS?«!? 6 packa 9 es ' opportunities will exist for 
I? 9 A a S 0 M ® cu " 1 ° ulum . experimentation and scientific exploration 
of teaching and learning. During 1987, a variety of resLrrh 

ln tUd mos S t "asef^the^uir V ° f C ° mpUterS ° n student a/hievSen?" 
tnmiS. ca ses, the use of computer technology had a positive 

S nfl ° n „ •?? rnin V , • In f ° Ur stu <3ies, researchers Lund I thai 
student \ - nd lin , 6ar and lo garithmic estimation skills of 
inaction proved when compared with paper and pencil 

between ma?es anS* fS, dlsc ° ver .e<3 differentiated responses 
uecween males and females performing significantly better on 
distance graphing and the reverse on velocity. nCiy better on 

dealt^wihn* ^ /J*"* 1 ? 1119 ,: com P u ter-based instruction studies 
-Jf. • /i • • 6 im P act of computer technoloqy on nroblem 
solving/dP-ision making and the acquisition of science concepts 

crmpu^e? C1 s P Jmuia t . W d hen ^K v fi t0 ^entional i^tS 
Srtivifcii. ipf d guided-iiscovery and decision making 
hanrfe tended to produce superior results. m comparing 

experiences ^^'l ex .P eri e-^es to computer siSate^ 
of werJ r c ° m n P ute r instructed students either did as well 

complexitv^of hh n P e , rformance . Abstractness of the tasks, 
aptitudes confcrih,?^ ? ta s ? urce ?' a 9 e , gender, and student 
rK.n^f contributed to various interactions that led to mixed 
J!22il a In , m ° st cases, students liked their instruction with 

Serrno r da t a a^n OUnd USe t0 be be neficial, even when there 

were no data to support the conclusion. 

It: u . is . clear that computers have a positive impact on 
instruction m many cases and little negative impact. P In mos? 
situations computer-based instruction is time and cost effective 
compared to conventional instruction. The interaction of 
^ver^nro^-^T 31 taSkS and student aptitudes appears to le 
the futSre 6 ° ' r3search that ne eds to be emphasized in 
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3.2 Problem Solving and Inquiry 

3.21 what is the impact of inquiry and other 

problem-solving instructional strategies on 
science learning? 

in teSfng 'U^^gffit.'^SL!' 1 * »\ inquU J meth ° d 

re e s t e t a e /= h e t r ha „ n or, U e S a in9 - t t h h T ^ ffiW' 

with tSS"l asS es ta^n^ te , aoh « s in ttt ° different schools? 

The oiter to S ^* m t^t C ^ 5i "' t - he - inquiry n,ethod: 
using the tr.dit^".2&?X 1 j2 r the' t^TunoVT it^" 5 
unit about maqnets wi t-h ™n tL 9 ? t ? acnin g of a 13 lesson 

difference ?n fa a oJ If th irou^il!.? 8 , "'"^1 3 ^""i^nt 

SlTe ^ ^ jn q eacn 

final halh ?h? • s . cience experiences. When compared or the 

intelligent P |Lti M t hemistr y achievement or cognitive 

same regardless of I thl ? llJSS ^ ntS/ who Performed the 

interaction between L of Z^^; n ThUS ' there was no 
method. De - we en level of cognitive development and teaching 

independent or"? LiY*^ 116 * , ^ relationships between field 
naependent or field dependent cognitive styles-, general 
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/n k ™ wl ^ e '. and process skills of students taught by 
either an investigative or a conventional laboratory method of 
instruction intact laboratory sections were randomly assigned 
to either the experimental or control group. The American 
Chemical Society Examination and the Test of Integrated Process 
Skills were utilized to obtain pre- and post-scores Th P ?nn 
Embedded Figures Test was used to classify the field independent 
?elfh 1 S^h d ' e J? endent c ^nitive style of the'students. Signified 
J?«v f J P W6re f ° Und betwe en cognitive styles and process 

development of 7h„S i ° f . chemistry or process skill 
f ield-dependent cognitive style" ^".-independent of 

the conventional instructional m^S^ investigative nor 

in c . * J-«s>truccionai method was superior to fche nt-h*»r 

^W-^^-SS-B - c^nUi™ styles'. " 235 

m2 Ll ^"' Compared were the teaching of science 
SI fearners 4 th„ in9S scienc <=< »<J scientific attUuces 

d«. ~5»nt. ,t The Te^nlent^tarfaTlL l6VelS of h . co 9nitive 

S heml a S „ t a ry Ter?™ "K the TeSt -^SSC Se 

Wi, and Test on Scientific Attitude, respectively LI S 

Jar a r b U l C eV.° n lu n b d j ec?I ni w t ere e l^T^ ™ 

chemistry classes in Zambfa siJtv \ £0? „ f ^ e » rolle « 

T^rema 6 !^ 330 ^" * "uX-M 'o^of'^'&'USoS." 

into two subgroups with tr a diHn« a f? P WaS ranQCml y split 
instruction ?aSl " a^ilned to fch/ h disc ? ver y approaches of 

instruction f^not make a diS^ """Vr'.il "°fS r °f 

con™ SiSLi 1 . 9 ^ 0- ?"' higher achi^men't^scores' ° San 
discover- %nrf^? K ? < 3 > in . ^neral, subjects taught by the 
aiscovery approach scored significantly higher on scientific 

Jhi^SSdiftonS 0 " taU9ht by the traditi °na? approach; and f ) 
the traditional group outperformed the discovery group in 
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m?Siri?L en ' - - was . °? ; ' ci '"Jea that the traditional approach 

01 ? h ' b * an efficient instructional mode for the teaching ,r.f 
scientific facts and principles to high school student!, whUe 

scIencifr/'Ltftud^ ST"? t0 be m ° r . e Suitable *» Veacntn* 
base'^gV^^ 

wit t n t Sl S r/ 0 s^u b s%a nt ha a d nd b e 1 e e n arn „ d - ^^^ST^ 
mature learners Howeter, ft ha/ also ZJ° ° oc " natUrally " 

BfSlLff aS^S-M"-«^ Sonsftnd 

and problem solving secants of" t-hl the • a f al ? B18 » the reca11 
SSSSiltf between V.e^o SW^jSE.' 

Ss v r ia r DO : a t s h perf , or h me 4 usins '^^.e^s: 1 ^ 

^.l^JJd'Vr-'tS".'"?.' 1 " e « ect ™s of an instructional 

strategies Xch invaded Tm^SST^.?* ins ! :ruoti ? nal 
experimentation, practice, JT.SSSStioT' would ^SH 
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significantly higher achievement among students of all learning 
style preferences compared to traditional science instruction 
relying primarily on textbook and lecture. Seventh grade 
students were randomly assigned to one of two treatments for a 
total of 24 weeks. Dependent variables included student masterv 
of science concepts as measured by the Stanford Achievement Test, 
c? ? t? s ^ ls as measured by the Comprehensive Test of Basic 
meai U rJ C1 h^ Ce ^ TeS Jf < CTBS - Sci ence) , and creative thinking as 
S»?MJJVLi. y th f Torra, 2 CG Test °f Creative Thinking (TTCT). 
Multivariate analyses of covariance were used to examine the 

tSl^nnl var i able ? with treatment, student learSi? styie 
C8 ' and - 9ender as ^dependent variables, and CTBS pre- 
SSl ifp^ COV f r , late '. N ° si 9 n ificant interactions were foSnd. 
sfoniffcanh ° f (ph learni . n 9 »S le and 9 ender not statistically 

Jianif^n; i? 6ffect of treatment was statistically 

v^lfiifioc ' a " ec V ng a linear combination of dependent 
It* c , ompOS ! d of CTBS ' 'Verbal Originality, and 'Fiqu?al 
Elaboration' The researcher concluded that using a variety of 
f 101 ^ strategies in a preplanned sequence in science 
ItfiT 10M V y i affec * ed stude nt achievement of basic thinking 
wEnp Ao f e f 3 C 5. ea . tlve thinking, and figural creative thinking 

gSSSr ?o? stS5fiJi n 2f na ?i te f y ° f - SCienCe conce P ts ' regardless of 
genaer, for students of all learning-style preferences. 

ana io?f?r? and 9 lemen t (1987) studied the effectiveness of an 
• b^i dS ««^ eaChin ? te . chni( 3 ue ' which used a connected sequence of 
bridging- analogies, compared with a more standard 

rl^n n V y ~ eXamp ^ techni <3 ue « The target concept Lvllved the 

forces of^TTJ^ S , ta ^ iG ° bjeCts are unable to exert 
tl l e 21 nign scnoo 1 students with no prior physics 
instruction who were individually interviewed, 14 initially 

restin^nn L^ 1 * d ° eS n0t exert a f °rce upward or ' tool 

HultnL °?„ * latter Were divided int ° two matched groups. 

Students m each group were asked to think aloud as they worked 

t"hre?oe°riLnLl the tW ° explanation.. After inffioStion? 

the experimental group performed significantly better on target 
and transfer problems, as well as indicating significantly higher 
subjective estimates of how 'understandable and believable' the 
explanation was. The authors drew upon the findings for the 
following suggestions: (1) teachers should be aware that certain 
examples which they find compelling might not be Tat all 

to X^V* 9 ? r \ he S - tUdent; (2) if the examples are compelling 
r o h student, it still might not be seen as analogous to thl 
If J e t Problem m the lesson; and (3) teachers should keep in 

Zitla Z 9 ? al -° f n h ! lping st ^ents develop visual, qualitative 
models of physical phenomena. 4««iiiduve 

„. ra) .l oss and ^binson (1987) investigated the effects of various 

science cL°s^° W £ USe rU * 6S in teaChing experimental delijn in 
thill JP: ^ • l he ex Penmental treatments included the use of 

design Thp "f^f 10 ™ 1 materials f or teaching experimental 
design. The materials were prescriptive in nature and were 
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designed as five 40-minutes lessons. one set of m3 fp r i al<! 
incorporated illicit rules, a method in which the rules were not 
S??h V , 1S } b \ e fc ° stud . e « ts ' although the instruction of cliches 
of thfn,w WSS 9U a ld6d by a ch ^klist that outlined th Itlps 
of the procedure. A second set of materials used i-Hp P 

SS^SSST prill 

content of the science unit Pnf»- J 5f . tem WaS unrela ted to the 
higher than pre-test scSres in „Vn ^ SC °l eS W6re signif ic antly 

lw^^ 

concluded that varying the' Seatnent '^T'' ■ ^ aUth ° r 

instructional strategie? had p ^? ru 3 e !. in alternate 

learnina t-h P i If • llttle differentiating effect on 

(1) there was an Unconscious blur ri^ Prognostications: 
theoretical advantages of diff^fni ? bv the investigators of the 
forms that were telted^ 1/1 It" £ re * tments in the operational 
observed was^the Iff? erenS b^ee^tudenf and^ be ? " 

or.r?. q - o 1 : b 0 ° f th i^u£^r w^i£^ t 1 . e g: 

unconsciously varied 'sCrirft:' VnS" 8 . 1 . actlv fc U y> < 3 > teachers 
other treatments P and USing strategies' from the 

aesign^Se^ ° f experimental 

• i. t - 8 - ABnce instruction/ Lucas and Tobin /iqqt^ a*-~~su j 

methods at highe? oonceptaal jevels " y e *P«i<»ental 

DrooesTin 19 ^I!.h ?iSC,1S ^ ed the model as a to ° l and modeling as a 

ix; representative; (2) analogue; (3) logical; and 
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(4) theoretical. Moreover, he pointed out that models were not 
new to the classroom. For example, the physical sciences have 
long used analogue and theoretical models to explain principles 
and concepts. But even in these sciences the full potential of 
models has not been developed in the classroom. Ost concluded bv 
nn^i n ? 5 at lu the £ ufc ure citizen, whether scientist or not, should 
understand the strengths and mechanisms of models as well as 
their limitations and pitfalls. 

Stedman (1987) summarized historical records of inauirv 
j!!?S?i ng in K S ^ ien " durin 3 the iSOOs. He reported that American 
science probably began after the conclusion of the War of 1812, 

^?f 0 ^ i 6g %- leVel sc i ence Gaining began soon thereafter. He 
ear?v Stli? e * ara P les ° f Student fi3ld tri P s in science as 
-oncernini fch* 25 „^° r V 1S ° \ ncludGd anecdotal information 
• fSSf* J$ attempts of prominent American scientists to 

hfftoJical i n a C nd m ^ U «f atl0 H n a Ki he COllege level and mentioned 
£ir£ £ landmarks such as the recommendation of increased lab 
E? for secondary school science students in 1892 by the 
scipSS , EdU £ atl ° n • ASS ° Ciation (NEA) « The aut hor concluded that 
^rd e ^^ C n h t. n9/ " C ° m P arison to sci — , is relatively young 

demons^r^p^^ho^ ten - £i£teen years, numerous studies 

Sfnn t I 6 - s u u P ari . orit y of inquiry and problem-solving 
a "! science instruction compared to the traditional method! 
Lor a number of important educations outcomes. The 1987 review 

^ 6arlier W ° rk * The Studies ^viewed Indicated ^It 
Sftiun? °- various P5 obl em solving instructional strategies' by 
students improved their skills to solve similar problems in neat 

eJSored "c^pM 1 ??? and im ? r . oved creative thinking, studies tilt 
skills cognitive strategies dealing with memory 

•skills, bridging' analogies, teaching experimental design rules. 

Skill ? ^ r a U r?° na ii m ? d f baSed - °- n l5arnin 9 styles and 9 thinking 
ikni. I?!J tCh/ l 1 - 1 had . a P os itive effect on problem solving 
skills and/or creative thinking without jeopardizing the masrery 
^S" Ce c ° n h c epts. Several studies examined specific s?uient 
iKi??! 68 ' with varying results. For example, the results of two 
' ° n h eat the elementary and the other college level? 
suggested that forma], operational students achieved best with the 

student'* me A?° d Wh A 16 2° di f ference was d etectable with excrete 
students... Also, the formal operational students perform best 

in hhi" re , ga / diess of the treatment, other variables identified 
in the studies that merit future investigation included the 
impact of prior knowledge, learning styles, and gender 
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Language Arts and Organizational Devices in 
Science 



3.31 What are the effects of various reading am* 

writing instructional techniques on science" 
concept attainment? 

without a review qpccinn t« j j • 11011 weeKs later 
questionnaire aboufr th^r' 5 addition, all students answered a 

over students who did n t0 SUSt - ain this le ^ning advantage 
research should b done with a^T^ ^™%^Y- Furthlr 

results QhnwoH 9 - cnese students. The questionnaire 

western North Caro ?n* Stu * en * s from 15 intact classrooms in a 
assigned to control fcri" hi They were "ndomly 
treatment ^oTp^ 1 Data* were™ coll^Tov^'a^^i^ Tl^ 
consecutive days during which the ?p2hZ a p . eriod of five 



Leonard (1987) evaluated the relative effects of the 
presentation style of questions inserted into text materials for 
students in university introductory biology. Subjects were 
randomly assigned to seven treatment groups of approximately 
£ and read « 2 ' 354 . word Passage on bacterial adaptations 

tofrimfnS I P°P ular diversity general biology textbook. 
Experimental treatment groups read the same passage with: (1) 
questions placed at the beginning of selected paragraphs. These 
questions were also presented as follows: (2) underlined; (3) in 

above C . aS ! ; nd (4 ^f et the .P»«9»ph; ( 5 ) underlined 1 and se? 

above; and 6) set above in uppercase, respectively. The 
criterion variable was a 20-item mJltiple-choicl exir with five 

JSSJ ■ \t.t nSVeX « J?' qUeSti ° n 9iven fc ° 311 students Mediately 
arcer they read the passage and again exactly four weeks i a h P r 

wfthn^ ta ' i0n ^ trategy 9r ° U?S were 9 contrasted 7 agaYnst reading 
without questions group. Four of the six groups reading with 

till aiven il^^l ° f the Paraph scored higher Vthe 
test given immediately after the reading than the group readina 

anl of Sraroun ^ ™ si ^ ifi ^nt differences amon^ 

b3S2*^ r S W iS WhiCh --iL^slgn^ican^drfle^ncls 
P^h «™,?« P d • b - he linear com P° n ent of paired test scores for 
each group. Pair-wise contrasts for differences in linear trends 

eacn^of™ ofheT ^ 9r ° U£> reading with no <^est\ons anl 
differences «™ r p, f si \ groups revealed two significant 
airrerences. Scores for the group readina with unhiahliaht-^ri 
questions dropped significantly 9 more than for the group 9 readina 

SestYonTwV^h' SC ° reS f ° r the grou » D reading with p?ai? 

f «n-V- ^ W 1Ch were set above paragraph dropped 

significantly less than for the no-questions group P ?he 

d?fmake e a S5 % ItlL^^ 5 ^ ^estio^s in textu'aTTarratlve 
i£di^fAhif Ce : ?? fc only for verv short time Periods. He 
iioinahtin^ ^h P / eSent t- 10n S - ty u le SUCh as Portion and method of 
siaSestpl ?hJ % q ? estlon miqht be important variables. He 
suggested that further research on questioning strateqies as 
reading aids was certainly warranted, especially in vie? of the 

andliJ^ersUJes 1 ? **** by t6XtUal reading in -rVcnooJs* 

re-entSS^f ( i L°?? dUCt / d 3 *' tudy to: ™ e * amine changes in 
information from elementary science passages when 
readers were required to elaborate and predict overtly as "opposed 

^estntatS Vi°°!£t T" 1 ?' (2) 6Xamine the effect ° f 

ZTrZl . i text (in Phases, t-units, paragraphs) versus 

iSf^titn. P ? 3 ! , i Mtat -° n i Pa9 f at 3 time) on retention of 
detention? /I Z^l™ th * effects of Processing strategies on 
retention; (4) analyze the strategies used durina overt 
processing; and (5) analyze the effects of the experimental 
10n * ° n StUdent Performance as measur-d by typical 
ii5S^S% teS V' „ Thirty - two (32) average or above avenge 
sixth-graders read and orally recalled passages on amphibians and 

73 



9 

ERIC 



ia?M 1 rSn»hlS t - Wer ? baSSd ° n a sixth -9rade textbook. Subjects 
llllanli ^ n tV % P rocessin 9 conditions and were ranSy 
assigned to one of four presentation conditions Tn ?hl 

J3* r r2SSl! Pr0e fl 8i ? con l i?ion subjects read a chunk of text 
and responded orally to probes which reqeired overt elahnraM^n 

ofhJv edlCti ° n b - ef0re the next chunk o« t«t was presented iSe 
SSwn^ for the^chunked 

iubjeota read ?Lt in ih£. . th ? P resenfc ation conditions, 
?ne 3 rat S iona e ie to t^iS™^^^*****'*- °. r P a S e ^ 
lead to superior recall "3 ^^L^lrS^l^^^ 
?etent? 0 n * r ° ce "i? g ° f Smaller text chunks would enhancl 

&^ t & w ass? ^cs-th 

SSSLT to' r^ntYo^ a^^^ S ^ f \°n an 
phrase presentation condition with micro-levi? nro™ • f 

S2ksj& 5SSS'>« rn> 

' 1 ' &AOC timng, and (7) schema-based prediction. 

import ltads\ 0 o ti !So/eLed e a t °"^iof^^ 0 ';' ^°" ased 
learning, Reynolds and Baker • f t t0 lncreased 

strategies for text t.? 6 im P° rta nce of graph-focusing 

and (5) text Dresented I SfS ^tl static graphs on a computer; 
Spatial ability II interactive graphs on a computer. 

flSi anility as well as comprehension of conceot«=, recall of 

f r ie?ninn» U \Vn^^^ 

out ntfil 6 .? r- P H P""»t««oni increased attention to the task 
inror^n ffi'Sd iLtfSM T^J^iS 
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concept learning by hearing impaired students. Deaf students, 12 
to 22 years of age, were assigned to one of four groups- m 
hp^/fn ^jft format; (2) simplified text format; ( 3 9 ) simplified 

orf^^ eled . d . ia9 5 a ? f -° rmat; or (4 > labeled diagram format in a 
SJSTi 7°.l t " teSt w de " gn - A11 instruction focused on the wate! 
cycle and the carbon dioxide-oxygen cvcle inaiv^ii nf « • 

mean gain scores compared to the standard text format c^n 

3 * 32 Ei* • ec *i s do devic es such as concept 

vt^Jll f nd ad Y ance organizers have on 
skills? ac( 3 ulsl tion of knowledge and 

oontiSSTS beTse^'by \J^^S ^J"?*^ N ° Vak < 
learning. Bodolus (19871 r^or?^ I \t ■ quests to understand 

SSSS ^ ^ "poSr^dr^d^nty^Ine ?SS? 

classes 2S? M^ 19ned b J com P ut ^ to one of foSr" science 
SrouDs^' n . S Wa - S then random ly assigned to one of threl 

process- 12? ^tJRF* 2 "?'* 9r ° Up that "ceived the mapping 
process, (2) a traditional group that received the • t-rarH n„„tv t 

Heinz-Fry (1987) evaluated concept mapDina as a i-ooi e„ 
meaningful learning with college biology students 11 
experimental group which utilized concept mapping for tnree units 
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was compared with a control group which used traditional studv 
methods in an auto-tutorial college biology course. Results of 
the five month study revealed no significant differences between 
the groups on knowledge acquisition, retention, and learninq 
efficiency. However, significant interactions between SAT score 
and group membership were found. The results indicated a 
tendency for high SAT control students to outscore hiuh SAT 
experimental students on the initial test; this situation was 
reversed on the post-test. Low SAT subgroups revealed no such 

fitf'rlMcn'nf fn Ud i^ S rep °, rt ? d . that m ^* in 9 increased the?? 
i^nn%?- ° f knowled 9 e ' ai^d in grasping material, clarified 
Memorizing? COncepts ' and hel P ed ^em devote less time In 

Advance organizers, first introduced by Ausubel, were used 

iS,ShSi.« tUd i M ' L6WiS (1 - 987) com P a ^d the effectiveness of In 
Ausubelian advance organizer and simplified readability of 

laboratorT L^tri?**? t0gether ° r ^parately in the biology 
laboratory. The criterion measure was a content examination. 

assSned^ho ir^\ biol °^ classes were randomly 

assigned to treatments. The equivalence of all classes was 

f rom r ?hS e r a f?f the - l »l i . catlw of a Potest and reading scopes 
from the California Achievement Test. To test the effects of an 
advance organizer, introductory material was developed in 
;SShni°h e ? lth i Ausubel ' s the ory. To test the effect, of 
two hvi- y nf l6Ve - ^ ° n n S i Udent unde rstanding and comprehension; 
two tyn£ 3 of written laboratory procedures were developed for 
investigations covering ten weeks. One type was written at a 
reading level close to the grade level of th? students'; th other" 

content 33 gEt^ *? \ l0W6r grade level withoufc chaSg?ng 
S?2«S2 Ji- R . e adability levels were determined with the aid of two 
rtllttJ \* readability formulas. The advance organizer group? 
received a written organizer at the beginning cf class prior to 

o V f in9 hhp r \ tte % lab ° rat ? ry P rocedure s- Students then deceived 
Sntroi ^ type - S °J bitten laboratory procedures. The 

control group rec-ived no organizer or simplified written 

eUh°e r r thl SSSS 1 ™' •° VeraU ' the "suits indicated tSa? 
eitner the advance organizei or simplified reading material* 

?™?Lr S ^ 9n , lflC ?. ntly benefited from the treatment, but the "wS 

ll a Sditi 0 n° 9e a her T 6 , Si , 9nif iCantly better than 'either alone? 

2 / ^ fc 2?i a post stud y questionnaire distributed to all 
students did not find any significant differences in ?he 
expectations of the students for the i r performance when there tat 
a change m reading levels of materials to be comprehended? 

th* JSf n ? S ' J Cji . ndbeck ' and Griffin (1987) reported research on 

oroarfms on fh^T^f i" 9 3 - VanCe ^ aniz ers into CAI tutorial 
programs on the rate of learning, achievement, and retention of 

Spfnltf ° 0l ^ hy , Si , CS students " h ° worked in different size groups! 
Results indicated that advance organizers had no significant 
achievement or retention effect. A significant effect Sa found 
for tutorial group size. Students who worked in groups of three 
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Xude^h^ b6tter learnin * rat * s ^an did 

Barron (1987) studied the relationship between contrast-inn 
5£;Srv 2£#F n an / a Shievemen t with students of Si SeriSl 

organizer" The fii ^^"^^^"^thetic; and (4) no advance 
animall rp^h »- c I / treatment focused on dissection of 
animals. Results showed a significant effect for central inn 

SSfSSnS^IS- ° n ac ? ievement ' no effect of sensorTmoXm? 
art an effec? for ZTfJl' J?" 6f ^ Ct ° f a Ptitude on achievement! 
ana an errect for the matching of contrasting a ar.ee oraanizer^ 
with sensory modality preference on achievement. organizers 

Son^ntL^r„ote takino" ex P r h essive writing rather chin 

"^^'jy^VOT ar P r r e°» o^^erfaf 

« t ^e° u - °or Syt«S ^-T- J Fl 
iSpro°yfeIrni\T e i S ni°n U e n t tha , t K ,: V USe of ^Torganizerl 
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Methods in the Science Classroom 



3.41 What is the effect individualized 

instructional strategies on science learning? 

Chiang (1987) studied the effects on the achievement and the 
growth of scientific ability of Taiwanese eighth grade stSdent! 

? 0 r m r/ e „? m9 S t Ph l SiGS USing an individualized instruction (A) 
format as opposed to those who were taught physics us ina 
conventional instruction (CI). Students in two secSry schools 
representing different geographical locations in southern Ta?wan 
n^ot e ! Ct6d \°- se r e as subjects for the study. a pre-test- 
llthereT^a^in , ex P erimental Resign was used, with dlta 
gacnerea from an IQ test, a reasoning ability test, a Dhvsir«? 

SliL U 1m ^V' f m i dterm and f inal achievement tests, P a S 1 
follow-up test of the growth of scientific ability. Analysis of 

Snd^ff 6 Q USin9 b - he , reasonin 9 ability and physics aptitude of 
m fhp if covariates .resulted in the following conclusions: 
III ifJJi gr ° U P . was n significantly superior to the CI group on 

sSeEific ^ abUitv^^ aChieVem A nt measures and in the ^tl o£ 
«?in?S- ..? y '. (2) among the slow learners the II qroup was 

measured ^fTmona M the 01 gr ° Up on the midte ™ achievement 
?f«n^lV«fi ( 1 ■ 9 the average learners the II group was 
significantly superior to the CI group on the midterm achievement 

?Srifarne?s th th e 9 li Wth ° f scient . if - ability; and (4^0™^ 
r. the , 11 group was significantly superior to the CI 
group on the final achievement measures. 

3.42 What are the effects of alternative 

presentations of ideas on achievement? 

Isekenegbe (1987) compared the effects of labors™ 
SSSTS- ? nd ViSUal aids ° n fact and concept lelrniig ?n Mgh 
Ina ChordatT* ? e l . co J tent "lated to the Phyla A Vhro£oda 
S?«inX2 i Forty-four (44) students in two high school 

biology classes were the subjects in the five-week exnerimew- 
isekenegbe found no significant difference in the P rela?ive 
pfficacy of laboratory specimens versus visual aids on 
reinforcement of facts and concepts taught in the study 

^f^st (1987) compared the relative utility of traditional 

Miss iss iTOi na sound aX a °nd° mi ° K k6yS ° f S6lected crustaceans ?S 
Mississippi Sound and nearby waters. The key variables were 

format (description and illustration) and sequence (dic^ 
onychotomy). college and high school students "pa :ticipated in 
the study, as did upper elementary school students on an fnforma? 
inrV 5 * H J lq " iSt |° Und that the illustrated format signif?canSy 
increased the functionality of the key for all groups. 
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Traditional keys were found to be the least effective tools The 
increase in functionality of alternate keys was achieved without 
loss of taxonomic validity. 

Smith (1987) tested the effects of three traditional 
teaching strategies on the cognitive achievement of first year 
biology, students. Subjects participated in lecture, laboratory, 
or an integrated combination of lecture and laboratory. Students 
were pre-tested and post-tested on critical thinking as well as 
biology achievement. Students in the integrated group achieved 
the highest post-test mean of cognitive achievement. There was 
no treatment effect on critical thinking. Regression analysis 
showeu that pre-test scores were the best predictors of 
achievement post-test scores. 

hho S^fjfP?' H °stetler, and Okafor (1987) analyzed and compared 
the implicit and explicit structural components of secondary 
biology instruction. The authors found that the implicit 
structural dimension had higher continuity of thought, greater 

?hp S i S vni-^,°i them ?' and a lower Progression density 'than did 
iSLffiSi ? lt d , im \ nsion - The average rate of change in explicit 
Ml «* nt ? nt was about 2.3 times greater in the explicit 
dimension than in the implicit dimension. The authors proposed 
iflJL,. eS !? rcl L be coated on how lessons based on implicit 
higher order themes affect the acquisition of cognitive skills. 

*4™? e I mann (1 u 87) research ed the effects of DIAL(SPS)2, a 
directed approach to learning science process skills. Students 
in two high school biology classes participated in 12 to 14 
moSSi ° r £ actlvi : tie 1 s that were designed using the DIAL(SPS)2 
?rAr*n ,? W ° c K on ^ol classes received the same basic biology 
instruction but did not participate in the DIAL(SPS)2 
experiments. Results suggested that concrete thinkers benefited 
£?£h m „ ex P erimen tal strategy, whereas their counterparts 
W in^? r - a ? vanc ? d cognitive capabilities benefited more from the 
control instruction. 

3.43 What is the effect of cooperative learning on 

achievement? 

Merebah (1987) compared the effects of a cooperative 
Tr^diJ?LT S called Teams-Games-Tournaments (TGT), and the 
n 1- Teacher -Centered (TTC) method used in schools in 
Sp a nHnn la .f° n l h % science achievement, attitudes, and social 
interaction of students in class. A random sample of seven 
intermediate schools in Riyadh was selected. In each of the 
seven schools, a science teacher was randomly selected from the 
pool of science teachers, followed by random selection of two of 
each teacher's intact classes. in each school, the two classes 
were assigned randomly to the experimental or control group. 
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Teachers were trained to use tgt Tha j ^ . 

eight week study was a unit on f , * he t<*ic covered during the 
sheets and the game shee?s «ere \ ^ ^ tl0 l' - ThG TGT work 
Pre-test and poit-test dar- £Lo 'l°u Ped b > fche instigator . 
test, an MLtffiq^tl^r™^*:*^?* 1^ an achi ^ement 
Data analyses anova /ifd MAHntri i°5 6 f 1C questionnaire, 

conclusions: (11 tgt "lo f A led to - the following 

significantly mori 'eff^V^nan^t^ *? th ? W3S 

science achievement; f 21 TGT u ^ method in enhancing 

of classes of different aUliTEl ° d e * hanced science achievement 
did; (3) both TGT and ttc ii^ff (^gh, average) more than TTC 
their attitude pre- and 1L£?££ P ositive attitudes on 

difference betwfen tffir^titS.' ^ \l?ni V* ^° si S nific ant 
test; and (4) there was nn *ion?f1~ ? J*? Pre-test or the post- 

TTC classes on -^^^nttJacJfo^anl^e?^ 1^3%%°? TG? and 

3 * 44 sLi?L\ d y e ^%^ts ? SCienCe P ™ ^ 

resulcTof Tsraen^^raLL^H-T" 3 factor anal .V' si « °* test 
laboratory process skUl 9 ^^^ 10 ^, ^handl ' ^ fOU £ SeVe <" 
relationships; (2) ssxma?nin« ( i° handlin g quantitative 
conceptualizing ind niXn4„„ • 9 asse ssing data; (3 ) 

results; (5) interpreting ^ a^ 9 ^ 111 ^ 193 ^ 0118 '' (4 > summarizing 
presenting findings, m , p C ° Ckdin 9- < 6 ) selecting form of 

that some 9 process skills which h 9 ^" 9 ex P erime nts. They found 
actually separate factor^ Y Seemed CloseJL y relate * were 
investigations and design!^ eJ^*'*^ 1 * ' conceptualizing 
recommended explicitl? "Schino ? S?»^ J?i, Were SP P arate - The? 
they will 3ust P .happ^.\ e s a rco 9 ns^ 

1987." ^sY^ "«» tested in 

classroom an indiJidSSSe? ins^rucKona? SCh ° 01 ?hysics 

to conventional instruction for JhP nS/ i- strt - :e g v . was superior 
examination, and growth of sJe^Hff,, mi v d ." 1 t . e J m examination, final 
study, it 'was shown ^L BC iS. l fcl l" ^A 1 . 1 ^ - scores « In another 
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round to be true ror lorLl 9 ^ 118 lMrnln *' ^ r v " 
best to convent?onai°\nst^ " ho ".ponded 

elementary students Darticin^M *n« • lU another study found that 
model gained more ?" nee* contenJ tnan f°P" ative learning 
elementary classroom Th,» ah 0 S° ?f«S- la the conventional 

support the notion e „ 6 findings are useful in hat they 

needs of^MM^lf^F 1 ? which pay attentir , to the 
the other hind? they 111 relJ^n^H P °^ itiv : e P^ffs, but, on 
that have come under neafti v? cJ!- Cla K Sic k - inds of studi * s 
-searchers. Serious b? ra^eT abol^e" 
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types of studies. There is little specificity about the 
independent variables, which are defined in very global terms 
The dependent variable is typically science knowledge, probably 
the least interesting variable to study. The study which best 
typifies the point compares lecture alone to laboratory alone or 
a combination. Of course, the combination has the most positive 
impact on achievement, but why? This is the next step research 
needs to < take, assessing the underlying and specific common 
elements in many of these instructional strategies and how they 
relate to specific learning outcomes. We need to stop comparing 
apples and oranges. r ' 

3.5 Curriculum Development, Content, Objectives, 

and Evaluation 

3.51 What factors influence and what processes 

compose the development of curriculum? 

aonrJ^^lT^ < 19 h 87 ) c ° n <^?ted a survey concerning biological 
££5!£? U d b ? included in an introductory college- 

biology course. A list of 114 concepts developed at the 
University of Wisconsin in 1970 and a questionnaire were sent to 
Ln-^ 10na in Samp ? f 340 ran aomly selected community college, 
foEiS \u° J* 96 ' , and universifc y biology teachers. The survey 
asked them to rank the importance of including the concepts in an 

iha^h^n7 h C0 - le ? e , b i° l0gy COUrSe and to add other concept 
that should be included. The results were analyzed to determine 
the degree of agreement between the current study group and the 
university biologists in the Wisconsin study (Thompson, 1970) 
There was 57% agreement between the two groups on the 30 highest 
ranked concepts. Additional concepts submitted did not indicate 
a significant change in the emphasis on biological concepts 
resulting from recent advances and discoveries. The author 
recommended that the concepts identified in this study should be 
!!? ^ 5 UtUre , curricu , luin development, that a common definition 
l M h / h term ,, 'concept' should be developed, and that studies 
should be undertaken to identify concepts resulting from recent 

course's? 65 Sh ° Uld be included in introductory biology 

r 0c m? lySt p° ne . (1 | 87 J- re P° rted a study that examined the use of 
standardized placement examinations for pedagogical 
purposes. Using 250 tests, he examined student responses to 

S2 r rf ^ *?* May , 1984 Bio! °gy Advanced Placement (AP) Exam 
that related to cell structure. Interviews concerning these 
responses were conducted with high school science coordinators, 
readers of the 1985 AP Biology Exam, AP biology teachers, college 
biology teachers, and research cell biologists. Textbooks and 
resource materials were examined for inclusion of material on 
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C f 11 J s t. ru ° tur , e - Blystone recommended that results from 
standardized placement exams could be used in certain clses in 
curriculum development and could assist in ?he development of* 
cotllH y relat6d SCi6nCe textbook s from high school to 

scientific" b«l f io P f f c U (1987 J. analv . zed how magico-traditional and 
scientific beliefs were distinguished in discussions of science 

STauaht ?n A ^ r - iCa * ^ aU ^ h ° r SOU ^ ht to determine wSlt Si^I 
ShrJ£? 9 Si i. ^ lence in magico-traditional cultures and how it 

SS fir^h III U - TW ° m - aj ° r - conce P ts were used in the analysis. 
The first was that scientific beliefs re^leched * Ai%iZl~l 
world-view from that reflected by mVg^^ 

Side" El %\ cerne ? h belief nlmely evidential and I 

SfihSJJ • author argued that students could learn science 

without rejecting magico-traditional beliefs, because hhV?S« 
were understood through different belief systems The aut£o? 
also suggested that an understanding of the di«HnnM«« ki? 
scientific and magico-traditiona beliefs was ? i^rtant for the 

aroSn 0 ^ 6 -' ° f SC - ienC6 cu " ic ^ for use with stents wno havl 
grown up in a magico-traditional culture. »*-««««*-s wno nave 

Williams (1987) studied the processes bv which t-ht- 
Curriculum and Instruction Advisory CoSee of the Texas 
SLw 1097 Group reached decisions on the development of 
a physical science curriculum to be delivered bv interactive 

rforc. a 'i tradition, politics, state mandates, school district 
and personal philosophies, and teacher and student needs Tho 

^rlcSment^lroo^^d'fr 1 ^ W3S b ° -clude'TeUfation and 
enricnmenc loops and laboratory simulation ParHninant-,. 

indicated that students should 7 conduct regular lrtSSE™ 

experiments in addition to viewing simulations? The cur?Icu?um 

also included the possibility that the course might be Saht bv 

persons not certified in physical science. 9 Y 

3.52 ^ries? ^ COntent of elementary science textbook 

^on? ta I er . and (1987) s t^ied commonly used elementarv 

Sor oarf S nf US1 ,H 9 P . roje ? t S ^ h *^ goal clusters for 1 

major part of the examination. Eleven textbook serine 

0? PrlSarv 9 if??* T ° f . the nati ° nal -arket^ eX we?e 0 ^n S a e ly 1 2 e e S d: 
One primary (K-3) and one intermediate (4-6) unit were selected 
for analysis throughout the eleven series. Text material 
cLssified'as 8 .' ?ff « c "*f* We*peri«ent. were analyzed and 
SoSKfcfl i« J (1) academiC; (2) P e "onal; (3) career; or (4) 
V " f c OCUS * Re sults showed that most text prose and 
illustrations focused on academic science. Most of the P remainina 
prose and illustrations focused on the persona? goal c?us?e? 9 
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The career and societal clusters received very minor attention. 
Activities/experiments were almost entirely academic in 
orientation, and only minor space was devoted to them. when 
activities/experiments were analyzed as to being confirmation, 

wLT found \T- ry ; , 9Uided ° r °P en ln *»i*yi almost a non4 

were found to include any inquiry. The authors discussed the 
implications of the results and compared the results with 
National Science Teachers Association recommendations. 

whirh^F^h 1987 ] an . d ^ amm a " d Adams (1987) studied the extent to 
«?«k i • and = sixth grade science textbooks dealt with the 
2*Xr ri SSUeS war technology, world population, world hunger, 

sSrvevs If^rt^, ^ qUaUt J- National ^d international 
surveys of scientists were used to identify these issues as 

SoKSkL^St f f Ur , e °^ the ? lanet - Five raters examined ten 
top-ranked textbooks to determine pages of content devoted to 

each issue, depth of coverage of issues, and differences in grade 
level Less than 2% of the 4,383 pages examined wire devStfd to 
the above 1S sues. Most of the content related to population! 
water resources, and air quality. The least content emphasis was 
°L^ teChn ° l0gy - w N ° si 9 nifi ^nt differences were found Long 
textbook series or between fifth and sixth grade levels. The 
authors concluded that the most widely used textbook seriel 
avoided serious discussion of major global problems 

3.53 Does ISIS serve the needs of non-college 
bound students? 

n . . Clevenstine (1987) used Bloom's Taxonomy of Educational 

?ounf JHhe SS 3 ^ 26 ^ P erformance objectives and test Uems 
5,," fc . h . e 33 mini-courses and criterion-referenced tests in 

showed i ihai ^^e'llifi-n 06 Instruc K fc i on astern (ISIS). Results 
• the . n ISIS mmi-course objectives and test items were 
written primarily at the lowest two of Bloom's six levels 

tharfhY Is n iS C ma?^ he ? Si ° n - aUth ° r Cited this ^ evidence 

cnat the ISIS materials served the needs of non-colleqe bound 

?S?fmaLA°/i. Wh H m ? ey we ^ e . Signed. Chi-squa re analysis Sf 
ISIS materials showed a positive relationship between performance 
OD 3 ectives and test items in 24 of the mini-courses ; and a 

Tot ri V tJf a t ° nSh i P in the other nine ' This indicated the neeS 
for re-evaluation of the tests in the latter mini-courses 

3.54 what is the content of college level general 
biology and geology? 

Winkler (1987) conducted a survey of the content of qeneral 
biology courses taught in two-year colleges in Alabama and**? £he 
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background and attitudes of the in«?t-n,«».«^^ B5 , 
included information from questionnaires returned" by 51 "f uH-t me 

aX to ssr-a,. ^ t o!%riiu£€l i y 

bioloiv V p % ° f the res Pondents. Molecular and cell 

Si were 32g? oTS 

considered in^the^ 'courset S^&jl^^^^j!" 
content. existed for state-wide coordination of course 

teache^Tho^YhTw™ i'nter'e'stTn^f^H? SU " ey am0 " 9 scie "« 

KSSi^thrS,^. i ti S \- SeC ? r < ^o'ois^-Te resumes 
important in teSShiJn JS .teachers believed were the most 
exlrcises that tochers ufeTf r3in ' SPeCi / iC labora tory 
made by teachers for ?vdp? of resource guide, and choices 

available YPeS ° f res °^e materials if they were 

greater coverage of geological contact and related terms. 
3 ' 55 ^cationl^^ 63 Sh ° Uld 9Uide environmental 
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(1) awareness; (2) knowledge; (3) attitudes; (4) skills; and (5) 
5SJiit?* P ! tl0n " The u^ tte I stud y « tni zed a Delphi technique to 
tl^a on - a resear 1 ch b . ased . se * of objectives through concordance 
among environmental scientists. 

3.56 is hands-on science more effective than 

textbook-based science? 

Shymansky, Hedges, and Woodworth (1987) repeated earlier 
meta-analysis studies, originally reported in 1983? on the fmpacJ 
of science curricula developed in the 1960s and 1970s on the 
SSff^H,?- S 1 tudents ' Earlier ^sults were reexamined usiSS 
Sr^Lr ?• ^- 1Cal ? rocedures ' bec ause it was thought that some 

L a lv Zrhp'^K have been misleading. This re-analysTI 
™ I • Y su PP° r ted the earlier work, which concluded that the 
new science curricula of the 1960s and 1970s were more elective 
SS n r i5? dl S lona A * extbook Programs of that time" Kovevtv, usinq 
2% !fon-?- met ^ 0dS ' °- nl . y four of the criterion cluster effectl 

r ! significantly positive compared to all seven in the earlip? 

SSSi-T 8 a H tb °" reported that fewer than 33% of t^e analy^d 

?o nr % 6?Crib A d Wh2t 5 er ° r not teachp rs received training priof 

cases traYnino dl - S / Ud ^ Peri ° d - ? 6y su 9^sted that, ?„ P most 
cases, training did not occur and considered this a sprion.; 

~5Te- , ^ caus°e S o g f geSted that SCienC6 ^Siculi developers 5 
w°tn^e h a^ SCho ° is » »*W - ties 

na a ^ hil J ip ^ ( i 98? ) studied the influence of the Pennsylvania 

^teStiL^Y*^? 1 ""** 1 " SCi6nCe inquiry -™um n on 
telchers in a r a /p« P i ^ 1Ve , s " ence atti ^s in students and 
etchers f„ 9 ll»* t0 4 / nd c ° m P a ™d this to students and 
eacners in the same grades who used a textbook science 
curriculum approach. The study included 341 students and 24 

lour^ S, of ^ Xim t tSly ° ne - half of the students and Wire" 
fourths of the teachers were in the inquiry curriculum qroup 
The survey instrument was the Phillips Adaptation of the Allen- 

Ca'ree'rT TvarfeVS^ i?\. Sci ™*' Sc^ntis^an^ Science 
Sr Mn^-ff y statistical analyses were applied to the 
data. No differences were found between students and teachers in 

telcheTs ^oradil I H ° W6Ver ' both students a JS 

siaSif icantiv 9 morp L^fi U ^- 9 £ he inquiry cu "ioulum showed 
counterDa^s y „^n P t^ll* attl t udes towa ^ science than their 
counterparts using a textbook science curriculum. Results also 
showed no significant gender differences in attitudes toward 
science among students. uuaes toward 

group studf^^f IH* 7 ! r p e P or ^ d . a Pre-test/post-test control 

SSSrid to * £e0 ^°5. a0tlVit ^ bMed Science instruction 

compared to a text-recitation approach for third and sixth 

graders. Instruction lasted for a twelve week period, and I the 
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SJJSl t8 i J !i! al - 6d f si 9 ni ficant difference in achievement at both 
grade levels in favor of the activity-based group. There was? 

SlSEi StSE?? 1 ™ effect for teaching method on a test °f 



3.57 What is the status of 8th grade earth-space 

science instruction in Alabama? 

Hall (1- reported on the status of earth-space science 

oS'stionni 1 6ighth grade level in Alabama Public scSoo?s? 

Questionna. „ were sent to principals and teacher* Si* 

"'S/f^ed schools, sLkinT informatiof concerning 
cert?fiLfcion ^ ll , tieS K / curricu1 ™' and the education and 
UltdluZtl in f , ! aCberS * <= The ? e ? ults showed deficiencies? 
K.i. t- y , the areas of facilities, curriculum content 
instructional materials, and laboratory and ou?-of-class 
activities. Respondents indicated that only 12% of thtir 

sS^Onlv 11 ^ 8 * ° f thei l^^ course ho/rs were °fn ear h 
science. Only 3% were certified in earth science or aeoloov 

reoort W ^"Ll C u e d r p t d lf r d 9 ! neral science endorsements 9 fhe 

Xt™^r\£S*£ ° f "«™*««on. *>r changes an* 

departs Sni^ fxf ^V^^^ff (JTSS'lS 
markets for graduates; (3) geo-science majors with inadequate 
technical writing skills; and (4) teaching qeo-science to nSn 
science students. One- third of the responding indicated ?hat 

cited g thfs U as eS a maV^^^V ^ ChniCal ™**£ *M? "t nTnl 
cicea tnis as a major issue facing geo-science education or aeo- 

^r, Ce ^ Pa n tmen . tS .* Writin 9 assignments in geo-science courses 

ratel as a? heS'-iK ^V"*- taUght by other Apartments were 
feMrT^ «f A methods to improve writing skills. Almost two- 

fnr nnn ^ res P ondents believed that their teaching programs 
for non-science majors were successful. Surprisinqly when 
teaching non-science students, faculty placed I more emphasis "In 
s 9 oc!e?y? nCe COnC6PtS than ° n P"c««i y aspects of "eo- Science iS 

3.58 Eow do the views of society influence 

curriculum and instruction? 

S h,Hp!; aSer ; A f der u (198 - 7) P^sented an analysis of parent, 
tSSmJA and ^ ea ° her °P inions °f elementary science teaching in 

P^eits Iruden? 390 * ^ r ! SUlts ° f surveys ind icated that mos? 
parents, students, and teachers thought that the curriculum wai 
interesting, exciting, and effective. The greatest Concerns 
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about teaching science were expressed by teachers with poor 
science training. * 

n »rr.JS~ K ~ raS ¥- J 19 *Il re Ported a study of constituent group 
perceptions of the effectiveness of the Math and Science Centers 
Program of the Educational Ministry of Saudi Arabia. 
£™ s were sent to 50 graduates of each center, 80 
JSEiX men *ers in the centers, and 40 principals of intermediate 
nHnS-^n Results showed that graduates, faculty, and school 
principals had similar views of the centers. They agreed that, 
in general, the centers were improving the training of 

iva^Hif 6 r h ° 01 ma u th and SCience teachers. The areas of 
tlnllr \u nd research we ^e judged to be the weakest in the 
centers. There was agreement that more sophisticated laboratorv 
?ioi?h-v - additional libr *ry resources were needed More 

Pacultv inThp'TT^ f ° r StUdy and course scheduling? 
hfShn-^ u- f en . te rs rarely used innovative teaching 

techniques, which indicated a need for more in-servicl 
III nVTiS? 1 d T l0pment °PP° r tunities. Recommendations growing 
?nLrnnr^o StUdy ^ t0 - d evelop more specialty courses and 
centos m ° re innovation into the teaching conducted in the 

Rene DSo^igo^Vifi^^ 16 ^^ 6 i mp . aCt ° f the life and works of 
The shudv i S 'f 011 i h - B public understanding of science. 
Tne study included information concerninq his earlv vear<; in 

•w Ce ',- hiS . time With the Lea 9 ue ° f Natfons in Rome/and his 
immigration to the United States in the 1920s. Dubos' ole 

?9lo P ^hi^ U ^ erSta , ndin u g .° f SCienCe did not begin until after his 
12 LS ii a V° n ° f 3 bioqra P h y °f Louis Pasteur. By the 1960s 

movement B^fchP i^lT* 35 V eader in the new environmental 
!? ? ' .? v ^e 1970s some of his attitudes brought him into 

? \ ict h wlth man y. " the environmental movement because his 
philosophy respected the human need to change the natural 
cJIri?r^ ,H DUb ^' P. ublicat ions were often praised for the?r 
clarity and the timeliness of their topics. He reached the 

KSSSlr P i UbUC directl y through articles in many popular 
periodicals, many speeches, and occasional TV appearances 

^s ir phii y o S on h h- PUb h U , C felt - hiS influ ence because of ^SSpSSi 
Ji« Philosophies had on important people and organizations 
Appendixes in this study included extensive lists of his boSks 
and his non-technical articles and interviews. 

the foYfSwiii 98 ^ pu , b . lished a st ^y that attempted to answer 
«™ following question for the academic discipline of 

-spend to increasing 




c 

plines 



those JS ™» IS a . dis i nt erested position in their research, and 
those who would direct research toward the solution of practical 
problems outside the domain of pure science. He claimed to have 
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developed a scheme for distinguishing pure from applied research 
" ™lf ^.nfthods but rather on differenced in immediate 

IZSt'a He .P ointed . fco . the obvious conflict between the pTre I nd 
S?So e ^? C1 ^ n u e ! X ? times of l^ited funding and attempted to 
place this debate in a broader context of history and societv 

mo e rohol 9 o 9 a f^ ted , the b ? St a PP^ach for academic ge^ 

morphologists deserving more involvement in society was for them 

other's" throua^lL e Sifnn bUt P^ suasive Position based on reaching 

rnni . 0 ^ ri " g II 87 ' researchers examined the goals, objectives, and 
! ^hi^Lf^T 06 « 1 "}« , * U " f rom various philosophical 
oSafnffoH ;i stori , c 1 a1 ' an .<3 political perspectives. Two studies 
evaluated the college biology curriculum. The first surveyed 
colleges across the United States to evaluate a sixteen-vpf l-Zi* 

lnl^lf^SS\o^ r^ 9 ' Ifc wa^leLrtfnld'th^roeer 
S2r« a n a . tOP one - four th of the highest ranked concepts 

llus fr£J? 4^ 6nt ° Ver the t i ime frame ' and that these concepts 
S!?« re ° ent scient ific discoveries should serve as the 

introd ue ?nrt y vf; n instructors to assess the content of an 
IZ^? > * J* J?i ologv course. One-half of the instructors' 

S?5fl 22J5 adl J- onal . biology topics ' such as cel1 ii o wi h 

lit.le consideration given to occupational or societal concerns 

deficiencies StU A e rViL 9 nf 0l09 n y n education Pointed out curriculum 
uy J lu review of college introductory geology textbooks 

rock an^ fif e te t?°-S n l ° f COntact betweef bodies i of 

comple a elv o^p/ a t6 I mS Were seldom di scussed or 

completely omitted. Another study found that colleqe department-^ 

studlnt^nT'fHi 5 0n ?~-? ci «»ce concepts lor tL SEEKS 
student than c the practical aspects of geo-science in soriphv 

3% "werf C P^t^ earth . ^ience instructors indicated tha? only 
3% were certified to specifically teach the subject. * 

more^Stnf studies reported hands-on inquiry science to be 
more effective for influencing attitudes of studpnt-^ 

"r'SST /race *° b ?*«<*"* « lions""? 

Hitter b 9 /nd !(„??„ 8 Y = on «rns aboat specific training for 

L e cne^tic a lm2 k i:?e h r\t S e" d °. n S ° len ° e ^i" 9 r6adin " ™* 

Research and recommendations about science textbooks ptp in 

£5 the "ilLtnl aPPr ° a ? ? ak6n by the Primary textbook series 
f?Lo b elementary schools. Two studies analyzed major 
SiJSES r? SCience textbooks and found them to ^e heavUy 
oriented to narrow science topics, avoiding for the most oar? 
other important aspects of schooling including integration ac?o!s 

text prosed n 9 *!- *l* themeS) * 0ne Study concluded that ?he 
most of ? ^Mi-^"/ 10118 are focused on ac ademic science and 
most of the activities/experiments are academic with very few 
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inquiry in nature. Most of the remaining prose and illustrations 
focused on personal goals with very minor attention to career and 
societal topics. The other study found that impc.tant global 
iSSIMS^S 35 W ? r technology, population, hunger, water, and air 
accounted for only two percent of the content. 

nn .^ s ° addressed was the importance of understating how the 
conflict between magico-traditional (non-evidential) and 
JSSSS 0 - 1 !^ 1 *? (e Y idential > ° f ^e Third World student can Ee 
jff«!2 Se ? w i? hout ejecting the values and culture of studentl 
itil / uu t he magico-traditional belief system. The author 
stressed that students should not be forced to give up one belief 

XStems^^ho^h 1 ^ r , 6plaCe ^ With ^ther. 9 The P two belief 
systems, though not compatible, are parallel and can hp 
accommodated by the students. Anothe/ study addressed the 
v?^n U 5- P ° lltlCal influence s °n the decision toVe StSactiSj 
video discs as an attempt to insure that the core of a physical 

not ?auah? bv C , UlUm ^ & | Vaila fc ble fc o Texas teachers, whether or 
not caugnt by a certified teacher. 

. " ^ s evident from the literature reviewed that the manor 

ilZJSl * b6hind SCienCe °«»iculum continues to be conf 
content, and more content! Curriculum research in science* 

etllorlna t0 St °Z docume nting this deficiency and beg?n 

llllll St n J eaS °" S Why the cu "iculum is content-bound at 111 
ilpnMffL instruction. Only when these variables have been 
Profession b^in ?P erati ?° ali «d will the science education 
?n lV\l 1 ln * he Position to affect real curriculum change 
?^p"! nCe e ? ucatlon ' researchers need to exploit and apply ?he 
literature in generic curriculum and staff ^velopment to 

a ™ t 6 b^ le m ° delS f ° r • ^^grating the .nstrSSiSS of 
activity-based science and interdisciplinary themes in thl 
kindergarten through college curriculum. tne 



3.6 The Development and Validation of Instruments 

An assortment of instruments were noted in other sections 
ePor? °th e d^p / eVieW / is ° Ur int ^tion here, however, ?o 

survevs JZrl ft ° f new questionnaires, instruments, and 
surveys, where the research clearly indicated that such 
fnhpJ? P fn nt ,^ aS ^Primary ^tent of the study. it is also our 

s ^f^i!?^.^. 6 *^ 118 r . esearch studi es reporting the 
1 L validation, applications, or critical analyses 

ot existing survey research methodology. 



89 



3.61 What new assessment instruments have been 

developed in science education? 

A doctoral dissertation performed by Smith (19871 dP^rfho^ 
stolen ^. th *»"VoMf.t?d eC if 1 ^h: W /i,V tl - OB t0 fourth ""do 
formulation, (10) JLpariTOntation- in? 1 " 9 ' • £?' h yP oth «is 

^r 2 oL da ol ^ikH 10 " and .TSiS 

re^senmiv'e 'or' uTV&SS^SSa. "SES - h" teSt 
validity was determined to , L? , * sted a J Mve - Content 
as expert Judaea A M-fL.? om?H , ■ soie n« educators, acting 

either what forms of "reliab?l?tv ?»prp tl0n# ^ , WaS not clear 

rationale was for the ^vefopme^t ^"th^lVtS^t! " What 

instrume?? t2r\/c&tt^. ° f an asse "ment 

evaluate science textbook a ! .sociological perspective to 
such an instrument n ;/ rationale for the need to develop 
content =S mTddle-clasf school '5? ^P^esis that textbook 
possessed an orqaniSatKnJ 2?J„ * 18tricts and higher grades 
intellectual and ? e^tSnai ^ conducive to the 

working-class school dishrfr^ ! ^ !-° f scient ists than for 
yielded results that facilitat'pd ^Pi lcatlon of this instrument 
textbook knowledge aun5oiM«l < : lffere u nce P at terns in science 
literacy it contest tc ? knoJlp^o a " enh ancement of scientific 

development. ^rfuthor included "iSE^t? • o1m ""« role 
more extensivp »-p C Hr,„ • u "" c - LU ° ea that the instrument required 

in ord e er ten o 1 L%ess t 1 1 Cl ^S^SiS?' 1 *' ° f ^ ^ 
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Do existing assessment instruments validly 
measure attitudinal constructs, and what 
cautions should be exercised in interpreting 
attitudinal scale data results? P 9 



poten\ h LrVr 0 rb?ems W ^i r t e ? ea rp h on Perceived 

interpretatio^^r^tfitu^al ^^^iJEESG?' "* 

the sfructurf^^^ the need fc o consider 

Population bein°g f E^U?T$&&£l 



scale data were to have true meaning. To provide evidence of 
t Problem, the authors examined attitudinal scale data 
collected from an instrument that was developed for specific use 
i?4-h«„4. 96 P r ? sear 5 h effort. They correctly assessed that 
ho ^ .Performing factor analytic techniques, researchers run 
n^ m S -° f "accurately assuming that a scale possesses 

Sr? 10 " 31 ^'- . In other words ' a significant alphS 
S coefficient as a measure of internal consistency and 

L £vTn° m0genei ? COUld be "sufficient. In a similar 

manner, they also proposed the risk of assuming that an intact 

fSn!Ho P n°n SeS f d homogenei-.y, simply as a consequence of its 
S£S ng together as a group. In an example, the authors 
suggested that researchers become more cognizant of potential 

SKS" p° ^ iaS6S that exist within intact groups. One obvious 
™?£?!„i°f bias i y as u . cl ass membership in general terms, gender in 
particular application. The authors concluded by challenqin'S 
cautfon ^ S fc i°i asc "tain scale dimensionality Vth greyer 

SSdw-relihJS f hffl ri9 ° r * Th6y further stated that, 9 sfnce 
gender related differences were often found in subiects such a* 

science, a gender by class analysis of variance might ^ immediately 
be incoroofatpd 6 " ^ P 0t * ntial mediating variable that should 
analjsil. the researc h design and subsequent 

In harmony with the previous review, Gardner (1987) voiced 
the concern that standard item statistics and internal 
consistency reliability were not sufficient verifications for She 
assumption of instrument unidimensionality . Further, he noted 
SJSL? onven ^°nal methods of attitude measurement ignored a 
cnallVnnp/^ 1Vale ^ e dime nsion. The concept of ambivalence 
Mfavor-hil I % Un< i erl yi n g assumption that favorable versus 
statements represented bipolar results. He asserted 
« Lh W anky COUld constitute two meanings, weaker or 
probabilistic versus stronger or deterministic Thr a ,hh! 
lT te t R £\TZ alth °ugh ambivalence S^bfSSSd to^o 
in the weaker (probabilistic) sense, it was loaicallJ 

^p°S atible n in th / Stron * er (deterministic) sense. 9 citing 
s?andard eX S% St ? d i e ? in a PP lica tion, Gardner argued that tne 
^?rf«V lte m-to-total correlation as a measure of internal 
cnll in ?L and/ , henC6/ unidimensionality represented bipSlfrUy 
only in the weaker sense. Further, he noted that such internal 
consistency reliability correlations should only be used as a 
Sor?oi2! for determ i»ing whether a scale is not'unidimenf ional? 
corrplaV/nn. W ^ n s ta fc 15 fc 1 1 1 y significant item-to-total 
correlations do occur, researchers should investiaate t-hP 
staH«fH° n 1 lity °J instr uments with other, more app^opriaJe 
hp lcal Procedures. He concluded that factor analysis should 
nL a ?- P ° y l d . t0 aSSess cimensionality and that if positive and 
= h?^ V h statemen ts loaded on independent dimensions , these iteSs 

„??h n»-hp e r Separate . ly SCOred and an aly 2 ed as independent measures 
with other research variables under investigation: 
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3.63 What are the results of further tests on 

existing inst inents? on 

valida?Lns iV of r e S x!Vtfna S \^ bel ° W re P^sent fur':her 

previously developed measures? ° nstruct vall <3ation for several 

a sciSc^^iluudina"/ 0 ^ 3 "^"Cultural validity study of 

however, the" /i^i^i^l^ 1 ^ "1111*11°* P^edure., 
one subscale, found to be verv i™ a L Wlth the exception of 
solution produced results that „ p Vp J Ub ^ qUent . faCtor ana lytic 
original seven subsclles inlS 11*° inconsi stent with the" 
indicated that the final Vh Jo f ' n the P resent study findings 
a single subscale Th author itf/ 6 / .? Uld be coll apsed into 
of TOSRA subscales to m lt 0 Conclude <3 that the distinctiveness 

not wpport ^ «~ 8 . Ur o 8 f l^S^iSy. 

compartt^fps^ho^^K ffltiS^S " ° f the 

thinking. These thrlt%E^F A T three tests of logical 
Test of Formal Reasoning (CTFR) and S*!*' fc . he C1 ^iroom 

(TOLT), were selec^eHecause > ^hev all ^-f ' ° f , L ? giCal Thinkin 9 
paper and pencil format? severa? L^c Zi'*?** n to measurp , in 
they were originally delineated bv pfaa^ J 0 *** 1 n reasoni n9 as 
for this research Iftort SnsiaM ZFSm J a ?P le ?°P ulati ° n 
students. Two hundred twelve /?i9i f c 9 ° 8 , e] - even th grade science 
all three tests SnJ 22 I . ( \ student s were administered 

CTFR. The se'quentUl ord'ef fo^ fc ^ L °2 9 ^ Test and 22 
randomized across section of student adm _ 1 . n ^ s tr ?t ion was 

study. Results indicated that rp?4 f£\-? tS P« t . lc . 1 P atin 9 in the 
analyzed independently as up?! - ablll S coefficients for tests 

however, judged to he inJS2S,,fJf validity correlations were, 
poorly with all ran- J ? „f ? A qUa * For e * am Ple, TOLT correlated 
shou/d "correlat^^orf cio.?l^ T ° Et 
correlation coefficient of 0.43 > explains only l*i J\ ° btained 
variance. The authors r^noi»*J* it * y . of the common 
formal thought could d.n w that 3 s P ecific measure of 
consistency, 9 but the oe?e^lilitiJi n°f SSeSS . ^P^table internal 
specific JpplicatTon *^£ t %«£» ^%\ e \\\\ 
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several prerequisite determinations be performed prior to makinq 
a decision regarding the use of a specific test for a given 
population sample. y 

Hutchinson ^nd Barton (1987) examined the use of answer- 
until-correct tests to confirm a quantitative assessment of 
partial information. The results, based on a sample of 387 
secondary student responses, indicated that a mechanical 
reasoning answer-until-cor rect test, yielded similar findings to 
a spatial reasoning test. 

Another study, performed by Baird and Borich (19871 

i?2Sii 9 y ed • tHe validitv considerations relative to the 
integrated science process skills and formal reasoning ability. 
They examined the convergent and discriminant validity of two 

SkuL°fTT S p C o enC !nJ?H eS B S SkillS ' - the Test of integrated Process 
Skills (TIPS), and the Process Skills of Science Test (PSST), as 
well as two, tests of formal reasoning, the Group Assessment of 
Logical Thinking ( GALT ) and the Classroom Test of Formal 
Reasoning ( CTFR) . All four tests were administered "to a 
iSSlS* -n 9r ,°H UP ° f , 54 P re " se ^ice elementary edScatfon majors 
to indicate that? , educati ?nal psychology classes. Results failed 
? * tes - ts of in tegrated science process skills and" 

fSSSL-" 2 a 7 s * on iSrp a H bilit - y actually - measured uni * ue £ °* 

S eshs In^ftf T r ? Ce - aS in <3icated between the TIPS and 
I nS ZSSl f 1 *. J8% S . hared varian ce was reported between the CTFR 
? ^ T uu teStS * The auth ors suggested that future research 
SiX 1 Vp"? 1 * t0 , id ^ ntif y mean s to enhance reasoning abUUy, 
with specific emphasis on aspects of reasoning essential to 
science process skill development. 9 essenCiai fc ° 

3.64 what implications does technology have for 

large scale testing programs? 

Bennett and Whittington (1987) reported on the implications 
of new technology for College Boa rd* Mathematics and Science 
r s e Z], TeSt r 9 Programs. The growing use of technology in 
SiS^fl schools and colleges posed complex problems for College 
Board achievement testing programs. First, the content of 
n»lZl e \ • Placem S nt < AP > a nd Admissions Testing Program (ATpf 

~?-!!S tlC \ SCienCe tests should be compared to 

curncular trends to identify topics that need to be better 

fSJw-^ in , the te . StS< A second line of inquiry concerned the 
implications of permitting the use of calculators on AP and ATP 
J f ; Previous research found that the use of calculate* 

tests imolvinn °/ ^Tf ^F™ 5 * ° n SOme fc ^ es of StXiaciS 
tests, implying a need for adjustments in test timinq. other 

P *ff arcn jested that test scores could suffe? 9 negative 
effects, particularly when students we.e unsure when to use the 
device. Most importantly, the potential for differential effects 
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2L m *h« ri 5i a £? dent * f ou c ld be explored, a final area of concern 
was the relative lack of content testing laboratory techniques 

technical, and policy problems they p ose Poetical, 
regar T d h i e n 9 " a a 30r 9 en y er!l f Uck ' of'aoo^? reP °^ ed ooncerns 

dimensionality of a g?ven measure bJPSSIV* d . eterminin 9 the 
need to become more svstSi in a only do science educators 

specific instruments' ^TddUio^al^r^y 9 need Toledo?! 

ss»< 4it^ir th h™ - 

SS^U Mtr ~ n ind^ her thar a % a r n ue e g e ene r ation n oToeS 

Exists and i, »™Ji? ee Ki *" ins t^ uin ent with acceptable validity 
should ff applicable m the given research context, then it 

fns^ument Sal ZsFl SlS^'V" d * Vel " ° f aether' 
reliability and validity ^ 3 ri 9 orous treatment of 
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4.0 CONTEXTS AND SETTINGS 



. tu . lhe L f inal commonplace represents the contexts and settings 
within which educational endeavors occur. The studies reviewed 
in this section examine and describe learners and learning, 
teachers and teaching, and curriculum and instruction, but thev 
emphasize more so the contexts and settings for these activities. 
We begin with research that focuses on classrooms. This is 
followed by scholarship whose context is mass media. Next comes 
research done in informal educational settings such as museums, 
zoos, and aquariums. After that, research in field-based 
settings is reviewed. Finally, we conclude our review of 
research in science education with a review and discussion of 
national contexts and settings, with particular focus on two 
articles, one by Yager and Penick and the second by Linn. 

4.1 Classroom Settings 

4.11 What are the effects of video-based macro 

contexts on problem solving? 

Sherwood, Kinzer, Bransford, and Pranks (1987) conducted two 

SKIS?' 8 - t0 i aSS6SS the r ° le ° f Prying video-based macro- 
?n?«™J? • classrooms f °r helping students acquire science 

f ?SSX 10 " in , a Way . that enabled them to ^member it and use it 
as tools_ to solve subsequent problems. The video segments that 

-Sf idSJ? 1 «f nV i°i Ve ? P °. PU n la . r .f UmS SUCh as " Swiss Family Robinson, » 
„!S fn ° £ -* th l L ° St c Ark/ and " Star Wars '" These films were 
™n?™ii , vlde ° dlsc fo r ma t since videodisc could be computer- 
SiSSSS ' allowin ? almost instant access to any segment of a 
videodisc and creating much richer opportunities for instruction 
than were possible with more traditional technologies. The 
results of the two experiments provided evidence that the use of 
semantically rich macro-contexts could produce increases in 
h™S ir !- 9 o - In Ex P eri . m( ? nt 1 > with classroom students and science- 
based textual material, a short intervention of video segments 
?n c^f 1112111 ^ questions yielded positive results when compared 
to simple reading of materials. Students in the video group were 
able to answer more questions about science content than were 
those in the passage only group. In Experiment 2, the use of 
organizing questions that related science information to the 
video context facilitated the ability of students to free recall 
J f., 1 " formation and increased the probability of students 
using that information to solve a new problem that they faced. 
!™ r?S ^ su ^ested that more sophisticated uses of technology, 
!™?S 13 . y com P ut er-controlled interactive videodisc technology 
could have even greater benefits on comprehension and learning in 
science. 3 
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4.12 what ar e the natures of the roles and 

interactions of students in the classroom? 

of .tSKteta^SSSL'Sf', 6Xamine - d whole class interactions 

raij^rHlHSu, SvtT- *: 

interactions. Taraet •"i.aJS- monopolized whole class 

questions? were askfd m!X " M-h.-"?" ? sua11 ? . male - asked more 
deceived higher •m^v E&gJ*? 1 COg ? itive questions, and 
students wpVp 1i -tl -t • ^ eedback from the teacher. Tarqet 

S2SS srud C ent C S U who f "elfAnU »*• , The - first 5™£ 

interactions and accented thp rl Participation m classroom 

academic achievement al wel J for r , e n s P onsi b llU 7 f °* personal 
second kind of Target stJdent SrS n^V 0 ",, with others. The 
teacher and tended I to do ef s f ° lpat n ed when chosen by the 

higher achievement tMTZSStZ SSK iTKILS 11 * 

of a^mpu^r .^^^551,^ a^ah^ ^ 

class. utilizing observations of the interactions V^T"? 

dyads, interviews wif-h c*-. inceraccions of student 

the sWaS™?^ and « analysis of 

students assumed Afferent role ^„S CeS ' f he found that 
little direct commiH»r fnJL- Student partners who had 

more often lemons^a^ ° ften re q uested he lp and 

dominated c2™?e ^ command en?rLs Save^ein Studen ^ Partners who 
asked for helr> c r „ZH ; Jl ■ 9 help more ofte n than they 
responded posit ivelv S Vho terviews "vealed that most subjects 
VwtlTt^t^ assignments, to "Sky 

a^ffiS 5 - " en e ?--L^ ir rd en t^ 

4-13 What are the perceptions of students with 

3S°L5^rt ' ClaSsrooia environments and 

between perceptions of «if I ^ measure of the distance 

teacher, and the subiect SEdiJd * ClaSS ' science 

srhnoi ™Vi,.~ suDjecc studied. Four hundred ten (410) hiah 
school college preparatory science students responded to a 
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questionnaire on attitudes toward and perceptions of the 
classroom environment. Responses revealed that science attitudes 
became worse durirg the school year. Two thinking variables, one 
involving creative exploration and the other involving logical 
thinking, decreased according to perceptions during the year. 

k„ * ^yzenz (1987) compared the classroom environments perceived 
by fourth grade, seventh grade, and high school boys and qirls in 
classes taught by male and female teachers to see if any 
fS 31 differences existed. Three two-factor MANOVAS 
f™?S or H - r „ by „ student gender) showed no differences for 
fo? h4« 9 h ade u St V dentS 3 / ° ne for seventh grade students, and three 
£JJM S i Ch ° 01 students - T he seventh grade boys and girls 

Raises tauaSfhl b ^ femal6S 35 having more ^iction^San 

Sfffff taught by males. High school boys and girls perceived 

SSSt bv aU ^? P , by f T le H 35 5 eing m ° re dif ficult than cllsses 
rafSred Y fch^ Purther ' for the high school students it 

appeared that classes were perceived more favorably when the 

^Vptu«? n dYffS^^ ined K. *5 e aUth ° r -Peculated'that these 
contribuht \nh B f S p combined with role modeling could 
contribute to the lack of women in science. 

Chevalier (1987) investigated questioning behaviors and- 
fS C 3iiS2! ° f stu / ents usin g naturalistic methods to ^ deUvmine 
o5er 80% ZFll^iJ***^ guestions bv gender and achievement? 
2 iso tne p 44 ° P ubllc questions asked by students during 

l£5L? ?PF S** observation were asked with permission, were 
Svp? Sn* tlat6d ' w f r ! answere cl, and received neutral feedback? 
2E*A??.r re n eSPOnd f d t0 by teachers and were about content or 
?o«Pr n T° Ver 7 .° % . we re asked to gain information and were 
iianVf^M 1 cognitlv . e questions. High achievers asked 
!i 9 D1 5 u! n ^ ly m °/ e questions than did others. Student interviews 
showed that students perceived low achievers as asking questions 
most frequently, followed by average, then high achievers 
2tS e S; S6V ? Pe - rCe , nt (9?%) re P° rt ed asking questions 9 becausTtSev 
fsk oSp«,Hnn e r^ nd/ and 82% re P° rt ed that they sometimes did not 
flbel^d^as^umb." Vari ° US r6aS ° nS SUCh aS - ba -assment or being 

concprnfnf^ 62 and YagSr (1987) com P a red student attitudes 
concerning thexr science teachers at third, seventh, and eleventh 
Sf? d -, Sam .P les of students were drawn from those enrolled in 
and'ohSr 30 ,- 1 ^ 06 ^ 6 / 0116 " Associa tion (NSTA) exemplary programs 
fplho students drawn from classrooms of a random selection of 
teachers who were also NSTA members. Some of the affective items 
from the Third Assessment of Science, National Assessment of 
Educational Progress (NAEP) , were used for the study? Resultf 
indicated significantly more positive attitudes of student! ?roS 
the exemplary programs in several ways: (1) pleasure with 

?de^Sir\V k T n S a ; ( f 2) d6Sire *? Students to^xpl P ore aS their W ow!; 
infl ?ii ( k-i ■L kln9 J °, f science (at the elementary school level); 
and (4) ability and knowledge of science to make it exciting. 
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Working on the knowledge that process-oriented classes 

tSa P t aS a e re nr .S'A.d" ? tU >**} ° f SCienCe in strJct!on 

If, . P/eferred by science teachers, Dryden (1987 ) 

investigated a model of classroom interactions from the 
theoretical viewpoint of the process environment. The IEA had 

Ttt^ntV (1 i t , he -,. t S aCher? and (2 > the etching science class 
!2Sf £ i that lb beC - ame P° ssible t° hypothesize a structural 
SSrM,3 loa Cl , aSSr0 ° m enviro ™ents using both sets of data. The 
t least squares method was used to develop and test threl 
models for classroom interactions. The results showed thlt 
attitudes toward school affected student aspiratTons and 
attitudes toward science. Also, the largest effects on science 
So?^ 6 r ent w ? re * erbal ability, home background, and genie? 
e?flct on ? !^ 10n \? nd attitudes toward science also tad aA 
hhf h t*? Bf t °f achievement. The results further indicated 
that the effect of the teacher was mediated through the classroom 

VbVilL™^*' . ThUS ' the ke * was not the teacher, but ?Se 
W^'for^ViSiV. t0 ° rganiZe -aningful 'xearnx^ 

4 * 14 Invi^entf*™* ClaS£r °°* * safe learning - 

and S?^ er9 ^^wski (1987) reported a survey of safety 
and school accidents in Arizona schools. A total of 728 
questionnaires were mailed; 314 were returned. Fourteen til) 

re^rn DU ar g o1o T'fp 1 ?; ?" ^ Were not completed. Within ^he 
return group were 242 teachers and 58 supervisors The r P =„i|.c 

£u4 Ca and accidents ° cc ^* d at a ?ate of 4.93 per week 

Cues and burns were the most frequently reported iniuries 
a^- 1 ,? 61 !* 5 inv ? lvin 9 eye injuries \anked in the to l ffiJI' 
Accidents not involving injury occurred at eight times the rate 
of injury related accidents. Chemistry studlnts reported more 

s b pi r Lh a es Clde Lttl e W ^f aS bi0l ° 9y S , tUdentS had «oreTe. e ™5J: 
male and f*m*, }\ dlf „ ference wa s found in the accident rates of 
male and female teachers. Moreover, little difference in thl 
accident rate existed for varying levels of education However 

;nn«-/ 6r !. nC f di 1 6xiSt When a ^ e and vea " of experience were 
considered together. Fewer accidents occurred to students in 
S^SfdJf ^ you J9est and least experienced teacJlrs as well as 

studeJhrfn^h 1 ! 9 ^' classroo . m interactions and the roles of 
facto s ?n I., rn - r °° m en ,Y lr ° n ^ n t are recognized as important 
factors m learning. Traditionally, research examining 
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2Sri?*? ha£ \ fo <; used Primarily on teachers. However, as two 
de P oaa . t ^ te ' researchers are now attempting to study 
students in the classroom setting, toqether with classroom 

hnt ?f":- StU ? e ? tS ' f nd fcl ? e env ^onment is vital to understanding 
how learning takes place in classrooms. 9 

h avo l h L StU ?\ eS - ° f P erce P fcion s indicate that student attitudes 
?2Tn^n P «° Werf . U 1 1 1 . impaCt ° n learnin 9- Creative exploration, lKe« 
itandVnoV W1 i X i n9ne f 3 t0 ask 5 uesti °ns to clarify misundel- 
ItuSfn^Itfcf^nfr? t6rm Career choicss are all affected by 

these afffiSS?" science. It appears that all too often 

tnese attitudes are negative. However, the results of the 
studies by Vargas-Gomez and Yager (1987) and Drvden figS? 

science. These studies suggest that the ability of the teacher 
to organize meaningful learning experiences and to nf? 

are S k S ee s 0m tr?L eS d^ i that ^S 08 Jfective tension's of lea' n ng 
are keys to the development of positive student attitudes. 

4.2 Mass Media Contexts 



4.21 how does TV portray science and scientists, 

and what is the impact of such portrayal on 
the public? J 

c ^on? ?r ? ner (19 - 87) dis cussed the portrayal of science and 
2X??i on prime-time television and assessed its ?mpact on 

?Sti5atera eP le^°s n %ha f n J 018 "?; He rep ° rted that Vision 
scientists £?iJZ I- favorable orientation toward science and 
scientists. Prime-time television drama presented qenerallv 
positive images and messages about scientists and science but 
they were less positive than the images and messages about other 
professions. He suggested that portrayal of science deserved 

sci F Lt^s Se ^n a d tte i n e ti01 ! ?* l6aderS in SCience ' It 
scientists, and legislators since television reached evervonp 

not just people who sought out science elation LS ' 

needed" *S mean" Tnlt Ions an? L^ison* was 

needed with those who write, produce, and direct television 
programs of all sorts, especially dramatic series Gerbne? 
recommended a science media coordinating council to till 
strategy, streamline national media liaison activities P anS 
organize meetings with network executives as well as the writers 
and directors who create most programs. writers 
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drama in the classroom modify attitudes? 



suburbs of a major aalt S? SeiU ° r Mgh SCh ° ols in the 

evolution The student S?f ^ — J / S - Part ° f their stud y ° f 
attending the plav and <^vided into two groups, with 50% 

classes instead. ? ThursLne's I?E^2V° V ttendin 9 re< ^ 
was administered to ^ri^itaf .^^ d „^? 1Ution SUrVey 

assess, changes in attitude over time Vh°i 9r ° UPS * T ° 
readministered to the students si v »iire iit' ^ survey was 
of the play. Gender and 1 of V*" J* 6 P resen tation 

blocking variables in the anal t . he .. stu dents were used as 
the effect of thSe factors on hht reSUlts to determine 

attended the performance of P tne p^av "ifi^* students who 
showed that the aroun nf «i„^„t P ay * Analysis of variance 

significantly more po P sitivf a^ pla * had a 

the control group. posiClve attitude toward evolution than did 

such as eS t e e i e ^sion Ud anl ^^L^TS^'- ^ media 
the school settina in «hf«- P both in side and out of 
concepts and isYu^ scientific 
concerning broadcast television xLl * recommendations of Gerbner 
it. appear 9 . thatThL'me™^^ Since 

orientation toward science and scYent?ah, i-hi? P° sitive 
audience. scientists that reaches a vast 



4.3 Museums, Zoos, and Aquariums 

4.31 how do informal educational settings 

influence visitors to those settings? 

toward^nce^ech^ attitudes 
technology museum . S ^Jli 7J • Visitin 9 a science- 

visitatioJ thlt impact^ stod^.t?itu2i; iabl ? TP*! ° f the 
that significant differences i iS «f£*i S S * Results indicated 

visi t i„ g 9 a nd «»^s^5q^vui t s^^;rJral^ t,, "■ 

group?' vYsiUng 7 ' the^elnL^^ ° f • th ' behavior of '«■"» 
a lways seen by tLT^^AX, °L^T^& 
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pattern through the museum. Also, visitors were 
S??iVn in9 . to . b * ckt "?» thus, they missed some sections? 
SnirJEf n , V , lslt ? rs ab ° ut t he displays indicated an interes? in 
concrete, literal, and visually verifiable aspects of the 
displays rather than abstract biological concepts? Their 
conversations centered on the theme of familiarity ?hev 

fomf US r ed - the 6Xhibi - tS in termS of the ****** wkh which they SS 
some previous experience. Time pressures felt by visitors were 

ff? rnal factors (other things planned) and internal 
factors (being pushed along by the crowds in the galleries? 

l*™lT»l° n fl ° Wed t0 a ^ arium visitors from three sources: (ij 
conversations among visitors; (2) direct observations of the 
displays; and (3) the label texts (in that order). The find inas 
demonstrated that knowledge of trends in visitor behavior 
en^leTs 1 . 10 ^ 10 " t0 the deSign ° f inf °™ al educational 

Churchman (1987) examined the potential impact of hhp 
^li 0 "™^ 00 ^ Australi * for recreational visitors He usee 

tsses e sm: a n 3 t° r of eP ^' ent S * ecific 9° als included: 

eduoatiSSl ii»2f« S Potential cognitive and affective 
educational impacts of zoos on recreational visitors- 12\ 

£.5£S? tJ Si °n) the temp ° ral and s * atial Patterns "fth'e L% 
research J ^ovement of the utility of nonreactive 

research methods. Data were collected on traffic densitv 

entirrvisi 0 t b s Se t r n a ^° nS ° f l* gr ° UpS of visitors during Sei? 
entire visits to the zoo, observations at 18 specific exhibit* 

and on feelings of 500 visitors about 1 ? exhibits from 
l^^nT 1 " 65 * Tne . mean time of visits at the Melbourne Lo was 
160 minutes, averaging 126 minutes walking among exhibits It 

bru^Tn^noi- 3 '^ 0 ' 11 SUrV6y and ^active Research methods 
studies combination to cross-validate information on zoo 

0 „ al T J? e , Ex Pi ain er Program of the San Francisco Exploratorium was 

ant £bL a 2^,^ ine *t n 3 report bv Diamond ' st ^ John? Seary? 
and Librero (1987). The authors described in some death IhL 

^A n id P ^ r ?K and . 8u ~ rized ^ntative and quaUtat^ve data 
collected to determine the effects of participation in the 
program on teenage students. since 1969.to£i?900 B lrt£tl 
have been involved in the program. The results showed that 

n-JSif le Y els ° f s elf conridence, skills in getting along with 
people, and greater interest in attending college. 

settings °lh the a S6 s t^ies suggest that informal educational 
understanding museums, zoos, and aquariums can enhance 

mSS5i il 9 u nd a PP r eciation of science. The studies by Tavlor 

Litem niSTTnair 9 ^'^ Diam ° nd ' St * John ' Clea y ry, ay and 
biDrero (1987) indicate the importance of effective desian nf 

both physical layout and pro-am design for optimizfng 9 tSe 
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earning and appreciation of science engendered by visiting such 

4.4 Field-Based Learning Settings 

What value does field-based learning add to 
achievement? 



4.41 



accurate understanding of their world In* JSifi e^T*, 9 * 1 * -** 

Assessment (SEA) instrument was develo'oed as ?£ L5S l0 S 
<n . the field instructional program was annar^nt- 

geology topics- f 31 eon fi§™o P *= °l - th - e im P ortance of coastal 
to teVch sJiSice* of the cSSStSf fon^ 1 **?' 5 , ^" fc fc heir abilit ? 

as . -..aratsvs. 's„s",s,?, ! .ss^lrS 

°_ courses « The results indicated that the fipiri- 

effectiv^'in^h fc -° - eaChe u r trainin ^ in ^astal geo?ogy was very 
effective in bringing about significant positive increases in 
attitudes toward and knowledge about coastal geoloa£ Alfcho.mS 
* n Jnl ie - ld C n ° UrSe W3S 3u «"ient to bring about wjfiy '.igSfiSS? 
St -hfi P S < tG t6aCh C ° aStal edu oation and in ^ confidence ?n 

indicated that° hatT ° f the coastal zone ' resul 

uiuicacea cnat both courses we^-e n^rA^c*™ ^Lw 

acceptable level of content mastery. necessarv *° thieve an 

Cv.hlTn' 198 ^ .developed an environmental atlas of the 
l6y * ational ^creation Area (CVNRA) for °se bv 

Ipace in^no^h^^ 61 " X^* t0 fc . his "developed and scenic open 
SnfL ,? n °rtheastern Ohio. This atlas included base mans a 
glossary, and explanations documenting topography, geology, soil? 
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vegetation, wildlife, land ownership and use, history, water 
resources, and scenic vistas. The atlas also included 
suggestions for field trips and field studies. 

4.5 The National and International Scene 

4.51 Is a Science-Technology-Society theme viable in 

the science curriculum? 

the <??? b KJo 19 a 87) e * a "? ined the description and justification of 
J£?nf r <- S / n inte 9 ral component of the science curriculum. 

. re c n t and current controversies over this issue as a 
starting point. Bybee described a conceptual framework for 
incorporation of STS and provides an historical perspective 
Using noteworthy educational reports as a base and Considering 
I?renShhf ^ tl0n „ aS 3 SUbSet ° f educ ^ion, Bybee deUnefJef tnl 
t^r?o^e of STS W f. " eS , S6S °^ °PP° s . in g Positions with respect ?o 
I LI* Z t S t forCe in sha Ping science curricula and built 
a case to support the STS theme in science education. 

c„- In ^^u^ 011 P a P er ' Rubba Presented several perspectives on 
Science-Technology-Society instruction. He Suggested t hit 

IVai^L^rV^J^ T 6 away from a singular'lmphasis on 
academic preparation and give comparable weight to the 
development of abilities that students need to deal with science 
and technology as they interface with everyday life RubbI 

based" on° U an StI IZll^ e * ffl * 1 "* pr ° grams have ^en' developed 
Dasea on an STS theme. Common among these programs is their 

lnJ°^ ei ; enfc °J students in hands-on problem solvinq 
investigations of STS issues. He concluded by stating thlt if wl 
desire students to possess capabilities to act in a responsible 
S n ne L° n S ? ienC - e and technologically-related societal issues? 
then we must raise STS instruction beyond the issue awarlnlss 
level to include activities which build competence in isISes 
investigations and application of these issues! ' 

4.52 what is the status of science education in 

India? 

stahu^V ?? andelwa1 ' and George (1987) portrayed the current 
anllvsis of h„h? ■% education i n India through a thoughtful 
?hii y ™nr»- ^s system policies. Areas considered in 

students^ educahlon,^ 1103 ' 1 - 011 ^ aCademic environment, teachers? 
scuaents, educational curriculum, examinations, and scientific 

or e 7nn Ch m - a i n i d - devel °P^nt. The authors argued that? i ' 

of 700 million people, science and technology education was of 
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4.53 what is an agenda for future research in 

science education? 

Linn (1987) reported the results of a conference of i**A*r C 
four themes that emerqed from m?o a- ■ 6 re P° rt described 

teaching; and (?) e«lSi t Ln^l K CUlUm? (3) a new view of 
Recommendltions were based P M fhp«i! -I n6W , technologies, 
establishment of centers for SoliaSr^ 6 ™ 68 - and ■ included; (D 
(2) expansion of opportuniti e l " ? sc . le c nce education; 

syrens ^£IS c -t ed ™™ »aws i» 

research, resource development^^ t0 inte ^ ate 

Now, methodologies should be f devef™^ ? tl0n m0re closel y- 
and timely ule of research f?n?fn n t0 eil n Ure m ° re ef Active 
conducted in real pduLhfnn.i facings. Research should be 
into the naturTof coqn^ to provide new insights 

permitting studv r of L d i instructional processes while 

Furthermore, it is c^iticallv i- le « ni "9 should be conducted. 
^? ^^" P?^ 1 ^^^ ^^^^ 

cneir programs and recommendations Thov chn„i^ Vil ? t 
access to new technologies for all ^cultural a nS nin,n ^° monitor 
and should identify ways to ensure access " f o^r ai P i° P l^ 4'°^ gro ^ s 
Linn suqqested fchar hho a«V™ ^ . or 311 wno desire it. 

should a^^col^n "oa^ and^dev^op 'vlVnT^™^ 
centered around the proposed%ecommendaUons? P P f ° r aCtl ° n 
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What are the perceptions and opinions of the 
public concerning science education in the 
nation's schools? 



Pogge and Yager (1987) conducted a survey among service club 
scT^p p^ C \ r - nin9 th n Cir P erce P fci °ns of the importance of four 
- a i0 ? n 9 n Cl ^ te " S to st ^ents at four grade levels 
ipj? nn 4 I' 7-9, 10-12). The four goal clusters were Science for 
JESSES * erson , al Needs ' Science for Resolving Societal Problem?! 
lultZl l°\ Care u er Awarene ss, and Science as Preparation for 
5 1982 and 7 8 Si 22?* conducte <* among 5,400 club member! 

h * members in 1984. The results of the 1984 

?982 Lrvpv 6 • n in " eases in Perceptions of importance over the 
io!?.JS f ? Y a H areaS * The most dramatic increases were in 
Societal Issues and Career Awareness at all grade levels. II an 

CarT*'^ 1982 2 ? % jud , 9ed science education* to be important for" 

S^ anAnrc e " at ^ 9t L adeS 7 to 9 ' but this rose to 89% in 198?! 
The authors pointed to the rapid changes in attitudes tou-*d 

UlTtltn S„r b an ? „ the ^tance fiL sconce educators to 
maintain current knowledge of public opinion. 

Ya 9 er (1987) discussed an opinion survey cf concernpeT 
citizens undertaken in 1976, 1980, and 1984, * regarding the 
relative importance of various sources of information use d bv 
oTtheVuS ?n r - 5 ' ■ R6SUlt / re . flec ^d renewed interSt on the part 
of the Public in improved science education - -ee a low point in 
1976. such changes suggested that the pul * moving ^ new 
definitions for school science and to -.><, >« ^ons of m! ! 
appropriate sources of information than a .. « < rtbo ok SgiS 
movement was resulting in changes in per ions concerning 
information sources for the science .assroomi -as in* l°cateJ 
greater importance of written materials over standard textbooks 
the Zn 3 ^ ° f ^ F esourc es in addition to the teaser? and 

l^nS^ f^LnL^!l' ittp0 ^ nCe ° f dirSCt Student experiences 
as sources for information, ideas, and activities. 

4.55 What is the present condition of science 

education in the nation's schools? 

1980«, Re vinoi ng !? e » f i . n( ? ings f rom the major science studies of the 
in !l{J52 e f * nd * enick d987) discussed the major crisis points 
in science education. These problems included: (l) existence of 
a mismatch between the science curriculum found in schools and 

teacners (90%) emphasized goals for school science that we • 

u- 'i ( nearly all science teachers (90%) had a 
philosophical orientation only toward a specific discipline of 
science; (4) over 90% of all science teachers used a textbook 9?% 
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students ever exoerienepfl So ' i re WaJ5 no evidence that 

school prlgra r m;Toi nYntty-perclS ^f^^A h W ,lt „ the 
graduates in th*» Onifced (90%) of al * hl 9 h school 
technologically literate- #m Hi VV sc . ientif ically/ 

influencina science interest L2? P „ sch ° o1 was ineffective in 
of either-' (12) mfarlv Vi ? ' knowled 9e, or the further pursuit 

and quVs^onSswf/p/riSds w^Toas^d^ 

existed in the textbooks cho^n- n£ * P u th . e inform ation that 
aware of any form of in^rtr ' ( few teachers appeared to be 
were aware of c nf rp " H" than direct teaching,- few 
instruction; (14) S??^ e VpiV^ con ?erning learning and 
preparation in science and I* 15 *?* between contend 

of various teacher traits f', ? teaching; ,15) the effect 
less than 10% of ihatev er aff^^S . le n arning amounted for 
goals for school scie ne «» «^ - Earning; (16 ) stated 
disciplines of science were spML than thos / • related fc o tne 
way Sr evaluated; ?1 7 T ove m^fSS?* ^ an ob ««™We 
leadership emphasized the ilnnrHn! <= the science education 
programs for the future of 1 ( m P. ortanc e of continuing in-service 

for? leadership "for, and avaiiXin h2 dU ? ti0n J and yet ' SU PP° rt 
significantly durina the 2iJ * J ° f f UCh P ro 9 ram s declined 
observed practice 7f ™ 2 P as t decade; (18) most teachers (by 
knowledge*^ b G ^mastered- bv . sta ted philosophy) viewed science as 
what a course win be and wSl P , r h eferred , fc he comfort of knowing 

Prior to working with e the n m; ?£) ^ 90? ol^AT"" t0 ? tUdent " 
viewed --Heir coaic* fXr V • f a11 scien ce teachers 

content; fn/thlr f'theso 1 goafs VtaS^SlSS- "h*" - SPe ° ifiC 

s^-^^il&re atifir ass 

resold the crisis' «L ■ 0 * ent * £l0 communities were needed to 
continue to focuj* enerav U n f 10ned WhetUi ' ifc was proper to 
gifted. Moreove- th£lL a V£JV£ U ? Ce ? ° n P ro 9 ram s for the 
aim at preparing all ^ * that ^ - might be wo ^thwhile to 

~* . . * c Jr a ^ ing all People for citl7Pn<;h n 1 • 

tew wno 7111 go on to become scientists. They suggested 
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that this approach could be a way to attract some of the most 
talented and the most concerned students as future scientists and 
engineers. It offers potential to turn people on to science 
which, as it is now taught, may deter with too much rigor, too 
much mastery for the sake of mastery, too much abstraction too 
soon, too little relevance, too little meaning, too little 
perceived importance and usefulness. Moreover, Yager and Penick 
suggested that now is a most opportune time for coalition, for 
the power of effective understanding and leadership which can 
come only with a less arrogant view of the crisis. 

Our final thoughts as we close the review of the '"terature 
in science education for 1987 focus on the national ene We 
are dismayed, but not surprised, by the stark contract between 
Linn s descriptions of a new consensus of the learner, a new view 
of the curriculum, a new view of teaching, and new uses of 
technology, and the picture painted by Yager and Penick of 
science teaching as it presently exists in the nation's 
classrooms. On the one hand, we view through the lens of the 
researcher the full, as yet unrealized, potential of science 
IttfUi 9 i. a ?? learnin 9- Knowing the research literature, we also 
marvel at the increases in our knowledge of teaching and learning 
^ ie u°t ?? 3t ha n VG b - een forged trough research. We are reminded 1 
wLn %- ar J y P. lone f rs of the "rated States must have thought 

PprLnJ he L fUSt ^/ Wed the Rock y mountains from their wagons. 
L^h fLhh 7 ^° nS t d ^ red how far the y had already come and how 
much farther they had yet to go. But they also were confident of 
reaching their destination. We have similar thoughts and 
emotions, that researchers will continue to make steady progress 
toward a better understanding of teaching and learning. 

On the other hand, we are jolted into reality by the qeneral 
S2£^i- 0n u° f science teaching and learning in the nation's 
schools. Moreover, the jolt continues, because we are overcome 
111 \ ® ° dd fe Jt lin . g that we have heard this before. Consider 
the Project Synthesis report, edited by Harms and Yager (1981), 
in which the authors used a discrepancy analysis model to examine 
the then present condition of pre.college science education and to 
make recommendations for future action. Let us revisit an 
Prlitll fl^J? ienC *>. edUCati 2 n trough selected quotes from the 
^rfHur^Tmi 3 ) wrote:" CO ™ n 9 biol °^ education, Paul 

Goals of science teaching changed little in the twenty- 
year period 1955-1975, but currently they are in 
transition. The science curriculum improvement 
projects developed during the 1955-1975 period focused 
on goals related to the conceptual structure of 
scientific disciplines and their processes of inquiry. 
Throughout this period, the professional literature on 
science teaching tended to emphasize the need for a 
broader perspective for science teaching, including 
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societal and cultural aspects, the interrelationship of 
science and technology, personal and humanistic foe?, 
and decision-making skills. In practice, however, the 
emphasis has been on vocabulary and narrow course 
?L 3 rn^ VeS (ex ? licit statements 7 of what Ts to be 

of inauiJv h ° ^"t"- 1 g ° alS le '*" the natur * 

or inquiry or of human beings). There is lifchle 

evidence that the goals of the federally supported 

?™ct?o U n^ CU and m Weve - ever ^ra/slaVeT I lit 

lolls p L,f nd jesting practices, although these 
?™if- advanced as justification for science 

, ing ;- Generall y' teachers show little enthusiasm 
for teaching biology as inquiry. Instruction directs 
students to the 'right' conclusion and little heed iJ 
paid to developing and appetite for submitting beliefs 
»Z* ^ emP u- 1Cal - t6st ' The curriculum is the textbook 
and^the objectives are those implicit in the text (P-' 

Concerning p* ysical science education, Ronald D. Anderson (1981) 

^achers !n°\ii S\ that the P"Poses of th? 

specialist ft schools are not always the same as 
specialists in either science education or General 
curriculum. Many of fche *im<; vZ«t i general 

by the leaders i* the'f ield^^i^SSdS 
"c-uirv 'fn? a °V? te& by teache ". The S em P has?rupon 
lSders has h ll° bl T S ° lving b * science* education 
J-eaaers has been strong for the past tventv vears 

a H n e d l9e t S h°e' deslVe \T ' P * l75)? - ^' ^TLnlVrll 
• desire , f °r increasing emphasis upon 
technological and social issues (Helgeson, et al , 
oMnH.'o 3, « are n0t reflecfc ed in school practice 

senior hi «h t t' } 979 ) * In many wavs ifc seems that 
senio, high school science departments have given up on 
science as general education for all as their Srima^ 

2?ft 3 in >? n tead haVe focused UDon doing a quality" job 
with more able students (p. 37-38). 4 y 3 ° D 

J^cr^ed? *" SCh ° 01 SCience ' Wa y ne Welch (1981) 

It appears that many teachers and parents consider t-ho 
primary purpose of science education to be p?eparatiSn 
for the next level of schooling ( stake and SeJ! 
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1978, p. 13:10). There seemed to be general agreement 
that 'the next level', be it junior high, high school 
or college, would require preparation in 'knowledge' 
rather than in inquiry skills. The knowledge nature of 
college entry exams (Stake and Easley, 1978, p. 4:8), 
the content of college courses (Stake and Easley, 1978, 
p. 13:1), and the intention of most students (70 
percent) to go on to college (Stake and Easley, 1978, 
p. 18:106) all work together to convince parents, 
teachers and students that 'next year' knowledge will 
be more highly valued than inquiry skills. This 
knowledge emphasis, combined with the absence of 
equipment and poor preparation of teachers for inquiry 
teaching, has perpetuated the traditional pattern of 
assign, study, discuss, and test" pervading most 
classrooms. This mode of instruction is, of course, 
efficient if recall of facts and definitions is tfe 
ma^or goal of instruction (p. 62). 

w^ote 2 :™ 1119 elementar y sconce education, Harold Pratt (1981) 

The typical elementary science experience of most- 
students is at best very limited. Most often science 
is taught at the end of the day, if there is time, by a 
teacher who has little interest, experience, or 
training to teach science. Although some limited 
equipment is available, it usually remains unused. The 
lesson will probably come from a textbook selected by a 
committee of teachers at the school or from teacher- 
prepared work sheets. It will consist of reading and 
memorizing some science facts related to a concept too 
abstract to be well understood by the student but 
selected because it is 'in the book' (p. 73-74). 

Respectfully, we ask: Has anything changed in the nation's 

?roiIc? 0 S S vnth n es ^ e ^ 10 " 15 ?? ars? The data base for °?he 
Synthesis report was collected during the 1970s, y** a 

Jw d - e . la . ter ' we must admit with regret that substantial? 
JiSXf "S^ P ermanent ' lar ge scale change in the way science is 
taught and learned across the nation has been painfully slow We 
?!Er£2£ii.2 lsolated u examples of schools and districts that 'have 
incorporated research knowledge and greatly improved the wa? 

tSp'naH-nn.' 3119 ^ lea ™**- In general, however, the bulk of 

t2lohiS .il 8 ? 10018 - S6em t0 haVe made Uttle P^ess in science 
teaching and learning. it seems that Newton's first law of 

schools h °lm eV r en ^ b - hiS l6Ve1 ' in that the bod y of the ""on?. 
SShSJ •„ Wlll ,. r emain in a state of rest or continue its uniform 

state bv for«H ai -? fc Une / Unl6S - S Lt is c ° m P elled to change that 
hr3„ J Y f orces impressed upon it" (Hewitt, 1977, p. 651). The 
body of schools, in our judgment, is largely at rest. 
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t2t~mit^i^ 1 'the^S ,1C J ^ t0 . riCa i' and academ ic facto?! 
complete Nevertheless i? P ( J? i J h ! t unde F st ^<3ing is far from 
as P Yager aTTeVic"' call "for 6 a'cti^n^'r fif Linn 35 "J 11 
partnerships and Yager and Penick suaJfJl' f xnn ar 9 ues for 
for coalition. If the qSnifJi? su 9gest that now is the time 
is ever ave V r ly community in science education 

closing th gap? then i? 9 ^^" i? f K SUC ? S ? in defini *g and 
disseminating research lliJL ^ b t y ° nd just cond "cting and 
shirt sleeve! andg^ 

We are sure hat so ^ n 3 f b f yond P resen t efforts. 

position bZc*n7\i™ d i£i££g Hi 1 take ° ffense with this 

such endeavors. ' ifoiSS e^'thef ufe"^ , in - VOlVed , in 
sub-compact car involved in * ho a 5 « ■, , • • e the drive r of a 
semi-truck. i laws of nh UB • , ad '° n , . Colhsion with an IS-wheet 
We applaud the worT of 1*11 P r n edlct ver V well the effects, 
person, or a few people wor^no^^'n ? Ut We lament that °™ 
but very limi ted effect n h h p 9 r " h re n latlve . isolation will have 
activities are the domain of nit" Wl11 a n rgue that such 
organizations, that the fob 11 , 1 n° th ? r P eo P le and other 

is the same. Rather, the ^h^T^T,, « .? ostrich; the effect 

for new vehicles? and they shou id be ^ b6gin t0 look 

as an 18-wheel semi-truck %ll „ at .\ east a s large and sturdy 
understand that its iofc > t nl COI ™ty of scholars must alsS 
to avoid one by part fcioatina in S"* * £f ad ~° n colli ^n but 
action in the nation's JS£i?2 in M chan 9 in g the present course of 

go far beyond present day^vels Tn^'h^ P arti c ipation must 
assembled throuah narhnpr^! ^ , fc . he new vehi cle will be 

cu% S rTc b u 1 la d wh b i y ch ^oS Ve^'cl db" 4 ^"" 1 ^ 

the representatives of I i are curricul a built not by 

representative 3 nf i? si ngle commonplace, but by the 

SSSIit ioM pa? tneS5Si PlaCe 5 - WOrking t0gether th ^ h 

vTa^o^ 

publfsher-develo"^ bunted a^ 
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of curriculum development funds. But the widespread 

M?££?!£?£i° n °c H UCh „ c . urricula win squire more complex 
partnerships. Such working groups are still either in an 
embryonic stage or exist only in the minds of their founders. It 

s«t y ^r.\?tS r . kf as the future of our nation in the w ° rid 
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